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Case 4-32676A -1- PROCESS FOR THE MANUFACTURE OF VALSARTAN The present

I nvention relates to a process for the manufacture of an angi otensin
receptor blocker (ARB; also called angi otension 11 receptor antagonist or
ATE receptor antagonist) and salts_ghereof, to novel internediates and
process steps. ARBs can, for exanple, be used for the treatnent of
‘hypertension and rel ated di seases and conditions. The class of ARBs .
CONPIPESEES S BRI THE MANUFACGTURE OFVABSARTANr al features, essentially
preferred are the non-peptidic ones. For exanple, nention nay be made of
the conpounds that are selected fromthe group consisting of val sartan
(cf. EP 443983), losartan (cf. EP253310), candesartan (cf. 459136),

epr ospd @eséritfinvebfort 3890 a brizesardr #ie hahufactbRASKHENdngiotehdie feddpit (cf. EP
503785), and tasosartan é_cf. EP5§9086, or, i:n eitcl_h case, a . .
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tetrazole ring is a critical step in the manufacture of these conmpounds.

Met hdbe tregimeri of Rgareasion aad selatersisersss aRd eAAdioBsy uct ural feature incl ude
the formation of said tetrazole ring by starting from correspondi ng cyano
derivatives that react with HN3 or a suitable alkali nmetal salt thereof
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sys requires a sophisticated systemto run t reaction in a safe way
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“tast steps the production o orrespondi ng ARBS. The objective of the
pr es &tddhvEneimasartan (d. bP §08H05)aand \esesaiag (of EEORYMMAY, ibfeacboase.a (1)

t hat t ' t wh i de i d, (2).
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Ali of these ARBs comprise the following common structural element:

The formation of the tetrazole ring is a critical step in the manufacture of these compounds.
Methods for the manufacture of ARBs having this structural feature include the formation of
said tetrazole ring by starting from corresponding cyano derivatives that react with HNs or a
suitable alkali metal salt thereof such as sodium azide or with an organotin azide such as
tributyltin azide or with a silyl azide. The use of azides for forming the tetrazol ring system
requires a sophisticated system to run the reaction in a safe way during an up-scaled _
S production.-pxocass.:,a.-According.'ly,; an.objective.is-to.develop.alternative-process-vatiants that—.—. - ﬁ_
exclude the use of azides in the last steps of the production of corresponding ARBs. ' -

The objective of the present invention is to provide a synthesis of compounds of formula (1)
that (1) does not require a process step where an azide is used, (2) results in high yields, (3)
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m ni m ses pollution of the environment e.g. by essentially avoi d| ng

organotin conpounds, (4) 1is economcally.attractive by using | ess reaction
steps in the reaction sequence for the manufacture of conmpounds of fornula
(I'), (5) affords enantionerically pure target products and products of
high crystallisability.. In addition, as the tetrazole ring systemis
formed at an earlier stage of the reaction sequence, (6) the risk of
contam nation of the final _ product (and Iate i ntermedi ates) with trace
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is to provide process that can be carried: out on a arger scal e and
can tmﬁllemét@@erzf tln@reaﬁtl%sew@@éﬁdﬁh@%%@é@ntaw'rmﬂga@E@eéwa mr@dwda@ﬂ e.g.
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been foun rocess accordin present 1 nventioh neets the
above t@ﬂs@@@ fingks, formadﬂey [ractiemhe CDﬁQWﬂ@G oyemtaﬂ%rﬁvaﬁme with ap eeganotior t he,

sal't CRopoind Sullas SRTRANGA-R0, FaY Bbicd et ithe Rl hatel th ol 1y or ' °
f or mulespédialhagrganctia compounds are to be handled with special care. Furthermore, (7)

~ another obj_eﬁive of the present invention is to provide a process that can be carried-outon a
= ( larger scale and can thus be use(_:l fora c_orre_sponding production process and to avoid-e.g.
racemisation and thus separation of any enantiomers.

It has surprisingly been found that the process according to the present invention meets the -

above objectives.

The present invention relates to a process for the manufacture of the compound of formula .
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chiral

ora salt thereof comprising
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(Ila) Igasﬁl.éll?&s?[% or.a salt thereof, wherein R is hydrogen-or atetrazole
protecting group, with a conmpound of forrmula OR2 (IIb) HZN chiral % O or
a salt thereof, wherein R2 represents hydrogen or a carboxy protecting
group, under the conditions of a redugtive am nation; and (b) acylating a
resul ting.conpound of fornula (11 c) R2 HN O (I'lc) <chiral N1~ NN or
a salt thereof with a conpound of formula (Il d) Case. 4-32676A -4- 0 ~ }111
(Ifrd) ~ V ~Rg wherein R3 is an activating group; and, (c) if R and/or R2
are different form hydrogen, renoving the protecting group(s) in a -
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) R1
. or.a salt thereof, wherein R; is hydrogen-or a-tetrazole protecting group, with a compound of--

formula

or a salt thereof, wherein R; represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amination; and
{b) acylating a resulting compound of formula (Il ¢) -

(llc)

chiral
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or a salt thereof with a compound of formula (li d}



0 (11e) 2P’ NA N RL or a salt thereof; and (d) isolating a
resulting conpound of forrmula (1) or a salt thereof; and, if desired,
converting a resulting free acid of fornula (1) into a salt thereof or
converting a resulting salt of a conpound of formula (1) into the free
acid of formula (lI) or converting a re§u|t|ng salt of a compound of
formula (1) into a different salt.” The reactions descri bed above and below
in the variants are carried out, for exanple, in the absence or,
customarily, in the presence of.a suitable solvent or diluent or a m xture
thereof,. the reaction, as required, being carried out with cooling, at
roomtenperature or with warmng,@ for exanple in a tenperature range fraom
about -80C up to the boi%;ﬂgﬂggLﬂ§~of the (nepction nmedium preferably from
about -10C to about +200C~ar reecessary, in a closed vessel, under
pressure, in an inert gas atnosphere and/or under anhydrous condltlons.
Conmpounds of fornulae (11 a) (II b), (11 ¢) and (Il e), wherein either or

both of R r}:gt ﬁ an formsalts with bases, as both the
unpr ot e¥RESENt '?396‘95"5}“?’ daf' e Case 4-32676A -5- unprotected carboxy

group haye igRj éhd}'opﬂpé)l%rdlﬂfaént fofth hpdrogam aumasingthd protasting gtop(d)inand (11 e)

can also formsalts w.th A corresponding tetrazol e protection group
(R) i s"%‘é‘"&?%pqw}?rﬁftfﬂr@ga aln?)wn inthe art. Especially, R is selected
fromthe group consisting of tert-C4-C7:al kyl such as tert-butyl; C, -
C2-al kyl that is nono-, di or triosubsyituted by phenyl, such as benzyl or
benzhydryl or trityl, wherein tile phenyl Jping is un- substltuted or
Iggbstltuted by one or nore ; W~ Ol rée; residues e.g. those

'ected fromthe group consi sti ng lof t§ rt C, -C7-al(ks)l , hydroxy, C, -
C7al koxy, C2-GCB-al kanoyl -oxy, hal ogen, A{ cyan@i"rahnd trifluoromnethyl
(CF3); picolinyl; ' '

or a salt thereof; and 55 ' s

(d) isolating a resulting compound of formula (1) or a salt thereof; and, if desired,

converting a resulting free acid of-formula (1) into a salt thereof or converting a resulting salt =

of a compound of formula (1) into the free acid of formula (I} or converting a resulting salt-of - .
f C a compourid of formula {I) into a different salt. S

The reactions described above and below in the variants are carried out, for example, in the *
absence or, customarily, in the presence of a suitable solvent or diluent or a mixture thereof,
the reaction, as required, being carried out with cooling, at room temperéture‘ or with’
warming, for example in a temperature range from about -80°C up to the boiling point of the -
reaction medium, preferably from about -10°C to about +200°C, and, if necessary, in a

e Closed vessel, under pressure, in an inert gas. almosphere ¢ and/or under -anhydrous -
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conditions.

Compounds of formulae (i1 a), ()l b), (il ¢) and (Il &), wherein either or both of R, and R; are
hydrogen can form salis with bases, as both the unprotected tetrazole ring and the
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plperonyl, cunyl; allyl; cinnanoyl; fluorenyl; silyl such as

tri-C, -C4-al kyl - S|Iyl, for exanple; Ctrinmethyl-silyl, triethylsilyl or
tert-butyl-dinmethyl-silyl, or di-C -C4-al kyl -phenyl -silyl, for: exanple,
di met hyl - phenyl -silyl; C, -C7-al kyl - sul ghonyl; aryl sul phonyl such as
phenyl sul phonyl wherein the phenyl ring is un-substituted or substituted
by one or nore, e.g. two or three; residues e.g. those selected fromthe
group consisting of C, -C7-al kyl, hydroxy, Cl-Cral kox C2- CB- al kanoyl - oxy,
hal ogerinpretested Carpenp grouRdage 3oidicroperiieg aHte (compewndssol dermmyize (1 b) eroyl ;

and estqry fdnttsS /i ,la%}fsmﬁgcgg C, - C7- al koxy-carbony, for exanple, nethoxy-,
et hoxy- or tert-butyl oxy-carbonyl; and allyloxycarbonyl. Exanples of

preferred protective groups whi ch may be nentioned are tert-butyl, benzyl,
met ho . | =
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diphenyimethyl, di(p-methoxyphenyl)methyi, trityl, (p methoxyphenyl)diphenylmethyl, - -
diphenyl{4-pyridyl)methyl, benzyloxymethyl, methoxymethyl, ethoxymethyl, methylthiomethyl,: '
2-tetrahydropyranyl,. allyl, trimethylsilyl and triethylsiiyi. - " S

: C A corresponding carboxy protecting group (R;) is selected from those known in the art. -
Especially, R: is selected from the group consisting of C4-C;-alkyl such as methyl, ethyl or a
tert-C,-Cy-alkyl, especially tert-butyl; C,-C,-alkyl that is mono-, di or trisubstituted by phenvyl,
such as benzyl or benzhydryf, wherein the phenyl ring is un-substituted or substituted by one
or more, e.g. two or three, residues e.g. those selected from the group consisting of C1-Cs-
alkyl, hydroxy, C;-Cs-alkoxy, C>-Cy-alkanayl-oxy, halogen, nitro, cyano, and CF;; picolinyl;
piperonyl; .allyl; cinnamyf; tetrahydrofuranyl; tetrahydropyranyl; methoxyethoxy-methyl, and

_benzyloxymethyl. A preferred example of protective groups which may be mentioned is
benzyl. ' ‘ '

The activating group Rs is, for example, an activating group that is being used in the-field of
peptides, such as halogen such as chlorine, fluorine or bromine; Cy-C7-alkylthio such as
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defined otherw se: Cl-C7-Alkyl is for exanple nmethyl, ethyl, n-propyl,

i sopropyl, n-butyl, isobutyl, sec-butyl, tent- butyl or a correspondi ng
pentyl, hexyl or heptyl residue. Cl-C4-alkyl, especially nethyl, ethyl or
tert-butyl is preferred. C -C7-Al ko is for exanpl e nethoxy, ethoxy,

n- propyl oxy, isopropyl oxy,. n-butyl oxy, isobutyl- oxy, sec-butyloxy,
tert-butyl'oxy or a correspondi ng pentyl oxy, hexyloxy, or heptyl oxy residue.
C -C4-al koxy is preferred. Especially preferred is nethoxy, ethoxy and
tert ntnilh;(b—kl}io a2yl @8ic Alr kerbrbytyl-ihio; @ridyB ik sunbyds- ryridysthia; ipidrrdlgisuah aacet yl ,

pr op a\;olgf"é¥ﬁﬁhigabl§l08§téﬂ’c¥ las%'énztﬂfa%@kl%bxym?e %ﬁla%&%?c lsubi‘?%x? referred.
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Chlorin ﬁ)referred StL -p (a): In reaction Step (a), the reductive

am n&YT ﬁ’"’ly% CHried out in the presence of a reducing agent. A suitable
reduci ng agent is a borohydride, which nay also be in a corrpl exed form or
hydrogen or a hydrogen donor both in the presence of a rogenatlon

cat aiTyggeneraltefms paed Berenbeis énd jetainatier ha eathgu?lkoafmgéﬂgémsﬁ galess a

si | apgfnA thddvidy: € borohydride or a conpl exed borohydride is, for exanple,
an al k 'i metal  borohydri de such as sodi um borohydride or | |th| um
borohydride; an earth alkali netal borohydride such as cal cium
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cyanobor ohydri de I t hi um cyanoborohydride,” an al
Cotri- p@tyl@pg:pr@jaymdsbgrp@n’yamyg or sgpiml rggtdg@dcuﬁ-alkyl es;oecxal!y methyl ethyl
t)rl r’rg!; q% Q%fohydrl de; a tetra-Cl-Cr7-al kyl ammoni um Case 4-32676A
T - cyano) oro ride such as tetrabutyl ammoni um borohydride or
t et rabut yl ammoni um cyanoborohydride. A suitable catalyst for the reductive

am nat | N X ., such
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CCe-Alkanoyl in C,~Csalkanoyl-oxy is in particular acetyl, propionyl, butyryl, isobutyryl or
pivaloyl. C,-CsAlkanoyl is preferred. Especially preferred is acetyl or pivaloyl.

Halogen is in particular chiorine, fluorine or bromine, and in a broader sense includes lodine,
Chiorine is preferred.

) Step (a): _ _

In reaction Step (a), the reductive amination is carried out in the presence of a reducing
agent, A suitable reducing agent is a borchydfide, which may also beina cbmpiexed form,
or hydrogen or a hydrogen dohof both in the presence of a hydrogenaﬂon catalyst,
Furthermore, a reducing agent is a suitable selenide or a silane.

A suitable borohydride or a complexed berohydride is, for example, an alkali metal

| borchydnde such as sodium borohydride or hth:um berohydride; an earth alkali metal
borohydnde such as calcium borshydride; an alkall metal cyanoberohydride, such as sadium
cyanoborohydride or lithium cyanoborohydride, an alkali metal tri-(C,-C;-alkoxy)- -dorohydride
such as sodium trimethoxy-ethoxy-borohydride; a tetra-C,-Cr-alkylammoniurn-



carbon a%%43ﬁ62ﬁogenatlon wi th hydrogen or a hydrogen donor may preferably
be carried out at pressures between 1 and about 100 at nosphere and at room
- tenperature between about -80 to about 200C, in particular between room
tenperature and about 100C. A prefertzq hydrogen donor is, for exanple, a
system conprising 2-propanol and, if desired, a base, or, nost preferably,
formc acid or a salt thereof, e.g. an alkali netal, or trl-q =C7,

al kyl -ammoni um salt thereof, for exanple, the sodi um or the pota55|un1salt
t her edfyariojbordexsiride guch as tei@bpty@*em@@uwbcmo!wﬂﬂe ar {etrabriyieenmenivinas
trletQ¥E&§3 cFﬂéther hydr ogen: donors conprise other alcohols such as

et hano ozyethanol benzyl al cohol, benzhydrol, pentan-2-ol;

1, 2-ethandiol,. 2, 3- but andi ol or cycl ohexandi ol , hydrazi ne, cycl ohexene,
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silanes are preferred that are etely soluble in the reaction nmedi um
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E;eferred are tri-Cl-Cr-al kyl -silanes, especially trlethyIS|Iane and tri-

opropyl -silane. Preferred are comercially availabl e selenides
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pr ef erabiay, ﬁﬁfn@;ﬁgsé?féb of B4&iaRCArfkhE; sd&ﬁ%ﬁﬁéthﬁéml?:reefﬁfrﬁﬁrl MyditF dorRst C -
conditions: A suitab base conprises, for exanple, an al kal I~ et al

hydr oPaeries Othé?aﬂﬁ@'ﬁfd% éucfsmﬁthagols%mqshwm'wia&l zyhaieelalibenehyiploxi de o
P?;‘ ?SC %'e%%hgzl%lg@gfnétﬁaend@ 3% @ftﬁﬁémﬁcﬂ or BIGHExBRIISRRRIrE AR REcBR&Enef Or exanpl-e,
cyclohexadiene; indane, tetralin, mdohne tetrahydroquincline, hydroguinone,
hypophosphinic-acid or a suitable salt thereof 'such as the sodium salt therecf, sodium *
tetrahydroborate, sugars, ascorbic acid, limonene; or silanes. The hydrogen donor may also

be used as solvent, especially 2-propanol or formic acid.

C . A suitable selenide is, for example, seienophenbl which is unsubstituted or substituted. -
Suitable substituents comprise, for example, one, two or three substituents selected from
e.g. halo, trifluoromethwi, trifluoromethoxy, C4-Cs-alkyl, C-C;-alkoxy, nitro, cyano, hydroxyl,
C»-Cyz-alkanoyl, Cy-Cyo-alkanoyloxy, and carboxy. Those silanes are preferred that are
completely soluble in the reaction medium and that may moreover produce organic soluble
by-products. Especially préferred are tri-C4-C;-alkyl-silanes, especially triethylsilane and tri- -
isopropyl-silane. Preferred are commercially available selenides.
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A suztable s1lane IS for example, snlane whnch is trtsubstltuted by a subst[tuent selected from !
the group consisting of C,-C,z-alkyl, especially Cs-C;-alkyl, and C,-Cyp-acyl, especially Cy-Ce-
acyl. Preferred are commercially available silanes.



triet hy"flséar# ﬁ%&ﬂﬁt i-n-propylamne, tri-butylamne or ethyl-diisopropylanine,

a piperidine, such as N nethylpiperidine, or a norpholine, such as

NLnet hyl - nor phol i ne. Preferred bases include |ithium hydroxide, sodium
hydr oxi de, sodi um hydrogencar bonat e, sodi um carbonate, potassium

hydr ogencar bonat e and pot assi um carboriate. Especially preferred is sodi um
hydr oxi de, sodi um carbonate or tri-n-propylam ne. The reductive am nation
is carried out in a suitable inert solvent or a mxture of solvents

i ncl udihegedadtive amitatientis pferebly saur@choen tnderaicidic, deumaltor pesfetabiy uridet he
corre f l.ae I If an
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tri net.dfmdermmabmwdrdxmwbwmrdwdrcmde sodium hydrogencarbonate sodlum carbonate,
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agent hyliRkide, @wmb@rbohmrmmnmapylammh as tol uene, esters such as
et hyl acet ate or isopropylacetate, ethers such as tetrahydrofuran or

~ tert-butylnethylether are preferred. "It hydrogen or a C hydrogen donor is

gs ed FheredEivaamMENbA B cAASH ol in BRRILAIE FRACH IRt 8r Hytogesiabivents cat al yst,
pol ar solvent is Hr eferred. The r@d‘ggt ive ami nation can al so be carried

© out e Rpluding water; loe(lselventsGonypRieRR nRtdRRCtNINRhGaTERSPOREing StSHRE. and

bi phafﬁhéiendlé‘oﬁfoﬁh:ﬁ]ﬁé%ﬂ a é.ycs(rﬁsm af arpﬁiﬂélﬁn'nbfa%&foﬂj}drféﬁts%ﬂcﬁ%fs sdoHith 25 -
tet ra ut | anmoni urh benzyl tri net hyl anmoni um haI [ de

fliide- OTHWU'B@%WQWQ’I gn ‘F@”"a‘r‘l@'F@e'@b'P?fo ehide iRk ag caleMct | ngt group
and i fboFdP@dmalamdn %etawyaﬁb@orbwdﬁhel §Joﬁ afs@e;unbésssﬁobéﬂaﬁ MRRuRf. a .. -

base is not gUI red , however hydr ogen and R2 is a protecti ng
gf oup, CYW&bOFﬂﬂY ”‘i!%ét‘i"l”%?drﬁﬁ r&ﬂ”@ﬂﬂl?ﬁ‘%‘l“e“ﬁ easamaleb%@@lahﬁdvm feaasampleandrder to
avoi d ak%ﬁ&@u%ﬁfa!s Pbthdrds, étﬁ‘é}fdl 'nédbrbp?adoi srff«h?emdky@maﬁéled Pithe Q¥ phstbsn,| €ss

t han an equi hol ar _ ampunt of a base, |f each are hydrogen no.
r acenilfsaialial m@tabﬂﬂs(&\%tﬁ‘@?‘éhbﬁ)fphrqf@e@% aasgdsmwegmxy-ethoxy- : :

- borohydnde,- a tetra-C,-Cr-alkylammonium-(cyano)borohydride such as tetrabutylammonium-: = -

_ borohydride or tetrabutylammonium-cyancoborohydride,:is used as reducing agent, for
example, hydrocarbons, such as toluene,.esters such as ethylacetate or isopropylacetate,
ethers such as tetrahydrofuran or tert-butylmethylether are preferred. If hydrogen or.a

C” hydrogen donor is used as reducing system, each in the presence of a hydrogenation

catalyst, a polar solvent is preferred. The reductive amination can also be carried out e.g. in
a mixture of an organic solvent with water, both mono- and biphasic. in a biphasic system a
phase transfer catalyst such as tetrabutylammoniumhalide, e.g. bromide, or
benzyltrimethylammonium halide, e.g. chloride, may be added.

If R; and R; both represent a protecting group and if the compound of formula (llb) is a free
bass, the presence of a base is not required.  If, hOWever Riis hydrogen and Rz isa-

protectmg group, not more than a molar equivalent ofa base may be added In order to
avoid racemisation, the reaction is preferably carried out by using less than an equimolar

amount of a base. If Ry and R, each are hydrogen, no racemisation is observed even if the



reactl 8%8?43333?'?% out with equal or nore. than one equival ent of base

under mld conditions, preferably at tenperatures between -10C and 20C

The present invention |likew se relates to novel conpounds of forrmula (Il a)

that can be used as internediates for, the manufacture of the conpound of

formula (1). The present invention | i Réwi se relates to novel conmpounds of

formula (if b) that can be used as internediates for the manufacture of

t he conpound of fornula (1). The reaction of a conmpound of forrmula (H a)

wi t h areaciiorpie wadiedfout witimeljaal(dr fmdy. thassariet enuivalam of kasentrelemedid avetitiodsor ned

|mne ) N (lic' chiral \ I, iNN, N
?Fehél;lyap gﬁ)eré%retsg:l Wé%egéqgﬂag%l tl(ons )be i sol ated or that can

be subj ected to the reduction w t hout isolation. The reductive am nation

is at step .r.eac |on of an im by r i ter

ol owl BeeniRAEliot et et B ARt Lot R Vel b Badiee

whi ch asintendedidigsdot e ranufdrureqf et compaindat farmule(by continously
elimnating the water, for exanple, by azeotropic renoval. Furthernore, a
wat er scavenger may be used to renove or inactivate free water which may
be ef fHad medsdnt iveplios lilcalisepreaes® lﬁiﬂréfboﬁlﬁpoﬂiha@bpfdrmﬂlaqri byespchh beused - by a
chem cal, reaction. A suitable L?&rfe}ﬁ scaven i nckn es wthout limtation
anhy draietergediatss darihe manuiactye GERHIUE to&or as nol ecul ar si eves,

ot her zeolites, finely divi ded silica gel finely di VI ded al um ni a,

anhydr| des of inorganic aci such as hori c anhydri de Case 4-32676A
-10- (‘PEOSRCION ROL@Gngrgyiasucaﬁ W%mdé?iqu (IR dPshitsdRepat e,

Etnd mg@ﬁﬁé&qwbﬁﬁé@mm@m&mﬁ b&de) i bﬂﬁirﬂtﬁl&l(ﬂ c9al ts. such as cal ci um chl gri.de. .
Ste (a) is carried out via first manufacturl ng and isolating a corrpound

of forrrula(ll cY), a

RO, : (HC')

~, chiral = -

{3

———
3

C . that can, under certain reaction conditions, be isolated or that can be subjected to the
— reduction without isolation.

The reductive amination is a two-step reaction, the formation of ‘an imine by removing water,
followed by the reduction step. The removal is an equilibrium reaction, which can be
directed to the formation of an imine by continously elimihating the water, for exahple, by
azeotropic removal. Furthermore, a water scavenger may be used to remove or inactivate
__ free water which may be effected by a physrcal process such as absorptlon or adsorptlon or .

by a chemical reaction. A suitable water scavenger includes without limitation anhydrldes of
organic acid, aluminosilicates such as molecular sieves, other zeolites, finely divided silica

gel, finely divided aluminia, anhydrides of inorganic acids such as phosphoric anhydride



corrpoun%ast?f*?%??rﬁfla (I'l a) is reacted with a conpound of fornula (Il b),
maybe in the presence of a base, if R and/or R2 are hydrogen. Conpounds
of formula (Il ¢') can then be converted into correspondi ng conpounds of
formula (Il c) by reducing the conmpounds of fornmula (Il ¢') with a
correspondi ng reduci ng agent as ment i ‘offed above. The intermediate imne of
formula (Il.c") can, for exanple, be isolated by renoval of the C solvent,
e.g. by distillation, especially by azeotropic renoval of water. In a

pr ef er (BgDy dnorganic suliates edcit s valciam suifaten sodismcaifaiee dnd atagnesimusifate,

I sol atin co nd-of . formula.(11 c'). The reductive am nation is nost
preferzfﬁ'gf%le&%%mgﬁgﬁwl{cﬁoﬁf’tcafcé%\?gﬁ”é?' free water, especially, if R
and R2 bei ng hydrogen and with a base such as sodi um hydroxi de, a.solvent ,
such a t hanol and. a,. r.equci ng reagent such as sodi um bprqhydride.,; In
v ow off SR IENE raeR DA AR BrulEF Rt SthED SPomirm R Fob e i se
: Ilgot ][1 t be'gippu@@ of ﬁgppiaqn Ay isE_Iqaﬂddmﬁ acmmmmwmgﬁu!é a ls'zgnmayltjhmrta@f :

referred is the I S r, resent inyention |ikew se re]ates t
ConpouRiESeRe PhA HapS T ST g e Varaen: Eompartuee 1oBna8 f 6y Fas theabe

pr ot eclcbger@ddhie cdhespdiin) corPoundls Y FHrPgRN1I @) bR rétickeiite ROVPEGHdsE gr oup.
Cor r espondi nahgo‘m:t)ounds can used as interned) ates for the manufacture of

. be

the - COMR % BCRITPEPNANY repeFiRg RERN A8 NYBRPBYIARRY ot formula (11 c'),
wherein at |east one of R, and R2 represents hydrogen or both of R and R2
represent hydrogen. The conpounds of fornul ae gl | a) and (Il b) are
partiallhe ’%ﬁmfﬁ%md“@&r?fﬁfé’"bﬂ%ﬂhﬁ’la%P“'éQ!é"éP@PF?g g dsolatedh By EeRoNAhAT e “ se - -
k; _. solvémob! .bﬁ%&hﬂﬁibﬁ%ﬁpeﬁéfallﬁ be aPstRpRiremdVAIf wallerl S @ process for .the.

nuf acture of the conpound of fornula Case 4-32676A -11- HN~-O0 NV "N (11
~a') or a salt thereof, conprising (i) reacting a conmpound of formula

In a preferred variant, the reductive amination is carried out without isolating a compound.of :-

formula.(ll ¢’).

“The reductive amination is most preferably carrie& out without removal of free water,
especially, if R;-and Rz being hydrogen and with a base such as sodium hydroxide, a.solvent
such as methanol and a reducing reagent such as sodium borohydride. -

In view of the imine structural element, compounds of formula (1l ¢’} comprise both the:
corresponding E and the corresponding Z isomer thereof. . Preferred is the E isomer. -

: (: The present invention likewise relates to.compounds of formula (Il ¢’) wherein R, is hydrogen
or a tetrazole pretecting group and wherein R; is hydrogen or a carboxy protecting group.
Corresponding compounds can be used as intermediates for the manufacture of the -
compound of formula (). Preferred are compounds of formula (1! ¢’), wherein at least one of
R; and R represenis hydrogen or both of Ry and R; rebresent hydrogen. |

The compounds of formulae (I} a) and ()i b) are partially known and can be prepared
.according to methods knownperse,. - - - _ -

.

Another embodiment of the present invention is a process for the manufacture of the
compound of formula

it b LT Pt Rt et it D Y e BT B e el e et



HN- A WoSRABASBAV a) or a salt thereof, wherein Hal is halogen, with a
conpound of formula R8 R6 ~RO R7 (IV b) wherein R6, R7 and R6,

i ndependent|y of one anot her, represent hydrogen or Cl-C6-al kyl, such as
met hyl or ethyl, and R9 represents Cl- C6-al kyl ;:0oor R, and RO together form
C2-C5 al kyl ene, such as ethyl ene, prdpyl ene, butyI ene, or R6 and R6

t oget her form C3-C6-al kyl ene, in the presence of an acid;, and (ii)
reacting a resulting. conpound of formula R6 R7T RO NN ONN RB Hal |
(1v © H% a conpound of formula. OIR S OR5 -XZn wherein X represents
hal ogen N as.i odi ne, bromne or chlorine, 'and R5 and R 5, independently
of one anat he Epresent Cl1-C7-al kyl, such as nethyl or ethyl, or together

form C2- G ene, such as ethyl ene, propylene, butylene or
1, 2-dinme ethylene or 2,2- dinethylpropylene, in the presence of a
transiti o '

pt al cat(ﬁlsy)st and

or a salt thereof, comprising

(i)  reacting a compound of formula
H- =N
WO

Hal

-C | (v a)-. |

or a salt thereof, wherein Hal is halogen, with a.compound of formula
: R8 -
REL 2 - RO |
R (IV b)
-~-wherein Re, Ry and Ra, independently.of one another, represent hydrogen or C4-Cg-alkyl, - - -
'such as methyl or ethyl, and Ry represents C4-Ce-alkyl;"or R; and Ry together formC3-Cs- -
- alkylene, such as ethylene, propylene; butylene, or Rs-and R together form C;-Cs-alkylene,
in the presence of an acid; and '
(i) reacting a resulting compound of formula

CFa

with a compound of formula

Bvas

wherein X represents halogen such as iodine, bromine or chiorme and Rs and R’s,
‘independently of one another, represent Cy-Cs-alkyl, such as methyl or ethyl, or together
form Cz-C;-alkylene, such as ethylene, propylene, butylene or 1,2-dimethylethylene or 2,2-

dimethylpropylene, in the presence of a transition metal catalyst; and

e (L A e T I S S R e



Case 4-GrBR2670A (iii) renoving sequentially or in a single step the
protecting groups froma resutting conpound of formula R6 R7 1| Rs RO~
N( OOTNNIR5S RBO(IV e) by treatnent with an acid, preferably in the
presence of water, (iv) a resulting conpound of forrmula (Il a') or a salt
t hereof. The reactions ‘Steps (i) -(iv)!2described above in the variants are
carried out, for exanple, in : the absence or, customarily, in the
presence of a suitable solvent or diluent or a mxture thereof, the
reacti Qﬂ) %émb@’ﬁg' 'sé@&bntraﬁfy &gn%ﬁd‘ AdiE SheP e PididLting Afrdipd fréth arrgémﬁﬂge nperature
or Wt war m n or exanple ina tenperature range from about -80C up to
t he b0|q0mﬁ’QUE@P%f°”BPfat he reaction nedium preferably fromabout -;10C to
about . +20@C, ,rand, if necessary, in-a closed vessel, under pressure in an

i nert. gas trmsphere andgor under anhydrous conditions. Step (i) is
carri ed9qyis " the in the presence of 0.0001 to 0.1 equivalents,
preferably /0. .04 _emsi val ents of a Bronstedt acid, such as sulfuric
aci d, hydngchI gric i d, ®phosphoric acid, methanesul fonic aci d,

ara-tol uenesul fonic acid; canphor-1 0-sul fonic acid,
cid, trichloroacetic acid, O O -di benzoyltartaric aci d
and the |ike. e reaction isqgapried out in a solvent which is
sufficiently stable under anhydrous acidic conditions, e. g. in ethyl
acet at &Y tieabpesith ancanic peetetablydn dhmpieseras ofevater,such as tol uene or ¥
xyl ene ;. pr I yl nmethyl ether, T
tetrah uarfofaﬁrrgsﬁﬂxﬁﬁé&@%ouz?hdé?&%u@q g‘?anééﬁ%x%ghane, or a ni tri l e, such as
gcetonitri |l e. A preferred solvent is toluene. The reaction terrperature S

e

t Wee;"'r %g&&gq%gc%stm'—b{r%s%ﬂbéﬁ alSHve ntﬂ the' \F'a‘?‘iﬁkfsoé?e BHiedBut, 16F @:Ia‘?ﬁ]:ﬁ@l o

" bet wee

the absence or, customarily, in the presence of a suntable solvent or diluent or a mixture -
thereof, the reaction, as required, being carried out with coohng_, at room temperature or with -
wafming, for example in a temperature range from about -80°C up to the boiling pointof the '
. rea_c;tion_medium, preferably from“about -10°C to @bout.;l-290°C,._ and, if necessary, ina: . - -
. closed ,\i}_essel, under pressure, in an-inert. gas _atrribsphg_—:-ré andlbr under anh&drous 45t

. conditions.

Step (i) is carried out, for example, the inthe presence of 0.0001 to 0.1 equivalents, PR
preferably 0.001 to 0.04 equivalents of a Bronstedt acid, such as sulfuric acid, hydrochloric - ~
acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, para-toluenesulfonic acid;: ~

~

camphor-10-sulfonic acid, trifluoroacetic acid, trichloroacetic acid, O,0O’-dibenzoyltartaric acid
and the like. {

The reaction is carried out in a solvent which is sufficiently stable under anhydrous acidic:
conditions, e. g. in ethyl acetate, isopropyl acetate, an aromatic solvent, such as toluene or
xylene, or an ethereal solvent, such as tert-butyl methyl ether, tetrahydrofuran, butyl ether.or
1,2-dimethoxyethane, or a nitrile, such as acetonitrile. A preferred solvent is toluene.

The reaction temperature is between 15“0 and the bo:lang po:nt of the reaction medium,

e "‘"‘"‘“"preferab‘fy between 30 and 60°C: e e e e i

Step (i} is carried out, for example, by using a conventional transition metal catalyst, for
example, corresponding conventionally used platinium or palladium catalyst palladium, such
as dichlorobis(triphenylphosphine)paliadium(ll}.
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Step (FRyers3284PRi ed out, for exanple, by using a conventional transition
netal catalyst, for exanple,. corresponding conventionally used platinium
or palladium catal yst palladium such as

di chl or obi s(triphenyl phosphi ne)pal | adi un(l1). Case 4-32676A -13- Step (iii)
carried out, for exanple, by dissolvihgy-a resulting compound of formula (1V
e) in mater or a mxture of water and an appropriate organic sol vent and
subsequent treating with an acid at elevated tenperature. Crystallization
of the product is acconplished by distilling .off all or a part of the
organi ¢ sol vent, adding water, cooling the m xture or a conbi nati on of

these SRAYIS sameé\@m rtﬁrelxaﬁqeaeobga@e@wm?Iavreeélﬁng?e&nsémrcﬁ fors & (19%) in
tetrahydrof uran, 1,4- dioxan such as acetonl tril e_
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are net hanol and ethanol. Suitable acids are Bronsted acids, Such
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aceticacrd ormc erred acli are sulfuric actd and
hydr octiibxan, butrkether, Thilearavoh es gretapitide aieaholss sheh asmetimnok ethanok 10 -
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exanpl€,” orond esium-un dconditrons; T ESpeL A y under'i

anhydrmaﬁemmﬂietatmhsg rr]ateeifaemefbgablyr tretwt'm @ﬂaﬁnbéeqtuvaian’ractl vater such: as:
-1, 2-di brorro ethane to forma coprrpound of forrrula O Rs - OARS

The rsolatlon Step (w) is carried out acoordmg to conventronal |solat|on methods such as by
crystalllzmg the result:ng compound of formula (il a) from the reactlon mixture —if desiredor = o .
necessary after work -up, especially by extraotlon or by chromatography of the reaction =

mixture,

The compounds of formula (Iv d) are bre‘bared'by:reac'tingf a oompound.'Of formula

(v d),
wherein X is halogen, for example, bromo, with magnesium under Grignard conditions,
especially under anhydrous conditions, preferably in the presence of an activator such as.
1,2-dibromo-ethane, to form a copmpound of formula '

-(in'”'), [ |
which is then treated with Zn(X). , X being halogen, especially chloro.



X-My (IV d') which is then treated with Zn(X)2, X.being halogen, especially
chloro. -14- As nentioned in the beginning of the specification, nost of
the angiotensin Il receptor antagonists conprise as structural feature the
tetrazole ring. In process sequencest#er the nmanufacture of such conpounds
the use of a protecting group for the tetazole ring is required. For

-~ exanple,.the triphenylmethyl group to protect the tetrazole ring agai nst

or ganong} alshfidned irPME BRERNIhG ofABE Spackitridn! BRI HaERL s NIQERpte? Cl eaved

| ater under acidic conditions. A djsadvantage of the triphenyl nethyl group
i s r egaPtEaePSs BENArss ap PYCtyRE) feailTedbe (RiAZRIR TiNOT He ProgessReAyences %\r 8By

t et r az OfBnEE&LRW: sikh @hpebndsSthe! 88sloftzObreBaiRl Qrolp Bt A tebd-oRMinglid Or to any
further conversion. The renoval of this protecting group requires corrosive
and t ox{e89r§%agents, such as boron trifluoride etherate, or a transition
nmetal catal yzed deprotection step, which are regarded as a di sadvant age.

2 2 et F I mmig BB P BB S aiR0D ARt B SRee PGP AL BB AR s or oup

]rc*equit r emalga-rtsh used.dTies Eiphestiytm 'e:hlmkgraupiso:imaaeda!tatwtmdmmpiabicbh@tlimialf\ sensitive
unction [ n pqun L ALte Y e
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this propbeti-Agrapyideiaobyaodstingusoupds yeddoenatild a metaliatiparprier toang t he

f or mat 'f&ﬂhé’rfcohb#g{ﬁ ﬁ?{ﬂeﬁwaWEh?s%{%ﬁﬁsngt%da%?@@g% ?é@&g\)ﬁ;a%ﬁé regarded as

di sadvant ages. rrazol € rings can a

( phenyl reagenys. sostyarbdron rifuerigs. sthansieas s, rapsition melglecatdly2ed deprafscliotroner s f or med
|”§ not &gﬁm%htgg\@gg%ﬁjégraggmyﬁtédeg teagents, not even at |ow
‘tenperatures. The o0bjective of the present inventionis to provide a _
synt hesi.s for the conmpound of formula (11 a') or salts thereof by using

E) r2 ;?Jt ect The%pr_gtlreeﬁtn&' . tf\éh%t@éto%&?ng(bﬁgmﬁttorgwﬁ]etaﬁrg réﬁgéﬁiﬁ\b?;ﬁbiﬂgaﬁ-m. th—i ?2;1 above.
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aryl maghielsanemot corpiibld with(shisidweduredisnd! groupnatietcdnmpoand br prodiletl under aci di c
conditions which are '

Alternatively, the 2-cyanoethyl tetrazole protecting group Is being used. The low stability of
this protecting group towards most organometallic reagents, and the formation of highly toxic
byproducts during deprotection are regarded as disadvantages. (

Tetrazole rings ¢can also be protected by a (phenylméthyl)oxymethyl group. However, one
“type of the two isomers formed is not stable towards organometallic reagents, not even at
~ low temperatures. '

The objective of the present invention is o provide a syhthesis for the‘compound of formula
(11 @) or salis thereof by using protective groups which (1) do not have the disadvantages
described above, (2) are easily introduced in high yield, (3} are of low weight, (4) are stable
in the presence of organometallic rsagents, such as aryl zinc and aryl magnesium
‘compounds, (5) are easily removed in high Yield under acidic condiﬁons which are
compatible with sensitive functional groups, such as a formyl group. '

It has surprisingly besn found that the process as described immediately above meets the
- above objectives. For example, a person skilled in the art would not expect that compounds



conpat¢%¥%4ﬁﬁﬁhﬁ%ensitive functional groups, such as a fornyl group. It has
surprisingly been found that the process as described i nmedi ately above
neets the above objectives. For exanple, a person skilled in the art would
not expect that conpounds Case 4-32676A -15- of formula (IV ¢) can be used
for the coupling with a compound of ftrnula (1V d), as corresponding
protecting groups of the tetrazole ring of conpounds of formula (IV d) were
not considered to stable in such a netal organic coupling reaction. A

per sonof$driule dVid) chh@e uaéd forehe ouplipg withtahinpeohd esieandiaip/ @y, asecti on
groups of the tetrazol es of

formia IV .d I d
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Pr ot eGidt enHdsE8 %o Shblehe st@H 4 ARedI RFgdHic ESUpTvg fatlioh. €A purehdkined fhbt of f

that easily under the mld conditions as out|ined above, Accordingly,

anot heéi't woild grper thascorpPappibgareterirnegroreholipe teiggeies obfpsauisddY 8t f or nul ae

(1'V a)yaild ye Qplrt okl \lflﬁt}lerrﬁory é}lpersph \ékiﬂea it thé ¥rtvolld %@ct(ﬁyt Srreshemgsg al |y

conmpounds of fornul a é preferred enbodi nent of this aspect” of the
pr es e ROPANINGTOBPS %lhatt@@ze

ON ' Rt'?m(dééng}mng\/ggbgﬂ,ﬂegtgb@@d R 5, independently of one another, represent
Cl-C7-al kyl, such as nethyl or ethyl, or toget her form C2- C4-a| kyl ene,

such as ethylene propyl ene, -butyl ene or , 2-di net hyl et hyl ene or

2, 2- di G5 iRy ORI Erb B RES AR ngenrﬁwe%n% Fo nbILI BB Qrﬁ-lﬁséff&ﬁmi ne Rg"

anot her, re esent en or sucn as ITEt

s &f Btsrﬂylmll\l ebwoulﬂ@ermlf@ﬁhet eesﬂy updertheN O ' R' -

- r epr edBha)s (V. ¥ chi(Ry), %Uﬂwvﬁhaﬂg(t\b%ﬁwiﬁwﬂmm dlfquyntémﬁv such as &

hyl epe, propylene,. butylene, or R6 and RO together form C3-C6-al kyl ene.
ef erted corrpounds of for rrul a (1Ve) are t hose conpounds, wherein R5 and
R 5,

A preferred embodiment of this aspect of the present invention relates to a compound of -~

formula
-R6.

Ve, |
wherein Rs and R’s, mdependently of one another represent Cy- C;,-alkyl such as methyl or
ethyl, ortogether form Cg-C4-alkylene such as ethylene propylene butylene or

C 1 2-drmethylethylene or2,2- drmethylpropylene or wherein Rs, Ft? and Rg, independently of

one another, represent hydrogen or C4-Cr-alkyl, such as methyl or ethyl, and R, represents

C,-Cralkyl, or Ry and R, together form C,-Cs-atkylene, such as ethylene, propylene,
butylene, or Rs and Rg together form C;-Cs-alkylene.

Preferred compounds of formula (IV e) are those compounds, wherein Rs and R’s,
independently of one another, represent C4-Cg-alkyl, such as methyl or ethyl, or together -
-form CZ-C4—alkylene such as ethylene propylene butylene ori 2—d|methylethylene or 2 2-

i e A e 3 i

e drmethylpropylene“ Br wheréin Rs, R7 and Rs, rndependently of one’ arrother represent e
hydrogen or C-C,-alkyl, such as methyl or ethyl, and Re represents C,-Cy-alkyl, or Ry and Ry
together form C»-Cs-alkylene, such as ethylens, propylene, butylene.

-l



ihdepenggﬁ?ﬁfzg?s%ne anot her, represent Cl-4-al kyl, such as methyl or
ethyl, or together form C2-C4-al kyl ene, such as ethyl ene, propyl ene,

butyl ene or 1, 2-dinethyl ethylene or 2,2- dinethyl propyl ene, or wherein Rs,
R7 and R5, independently of one anothe represent hydrogen or

Cl- C4-al kyl, such as nethyl or ethyl, }fhd RO represents Cl-C4-al kyl, or R7
and RO together form C2-C5-al kyl ene, such as ethyl ene, propyl ene,

butyl ene. Case 4-32676A -16- Even nore preferred conpounds of formula (IV
e) are Emmnunrmtsemueueiompaﬁnm fenyla (INrEjap@mieeryjsMheme Farotidy, ,

represent, Cl- ch as ne y pro wherein R6, R7
e e e e S R
conpoungisereini R Rahad R kdpregerd hpdrogemaindd®, repesents (‘R&@HMQ(I R S,

i ndependent|y of one another, represent Cl-C3-alkyl, such as net hyI et hyI
or propyl, and wherein R6 and R8 represent hydrogen, and R7 and RO

t oget hermOétcpfr@reﬁu‘ad c8mpbilndsaii ormuldOY edare aid‘pdtmag wherdii Bprhe Rg, Es peCI ally .
preferre&earethe conpounds of for%lﬁgé,% t hat etﬁgemflc

descri HBEPRER e'E'tI'YeOf\%'relﬁnﬁ eeXgRsERd Cor t a@rfﬁ% Yingthy! 4eremye aventi on,
reacti Qmébuamsaarm .bﬁre@@ﬁ@yﬂﬂf@ew 4l Rhand Retaetted foref CACSamperakueh as -

for mul ?ﬁﬁél | a) with the conventional oxidation of a corresponding
hydr oxyaHBYIeRA O REIPPY/ERS-ve of fornmula OHrN\ N-ANRL with the
conventional reduction of a cerresponding derivatives of. the carboxylic

acid of_ fornula 0 RA N \NN

Especially preferred are the compounds.of formula (IV e) that are specifically described in

| ( ‘ the working examples.

In:another embodiment of the invention, reaction Step (a) can be combined with the :.
~formation of a compound of formula (li a) with the conventional oxidation of a corresponding :’

-' hydroxymethyl derivative of formula

with the conventional reduction of a cbrresbonding derivatives of the carboxylic acid " of

formula

=T
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R1 Casecﬁ§%ﬁé§§%§517- wherein R4 represents, for exanple, hydroxy,
Cl- C7- al koxy or hal ogen such as chloro; or wth the conventi onal
hydrol ysis of an acetale of fornula ORS R50N NN Rl wherein R5 and
R5', independently of one another, represent Cl-Cr7-al kyl, such as nethyl or
ethyl, or together form C2-C4-al kyl ene!?such as ethyl ene, propyl ene or
butyl ene or 1,2- dinethylethylene. The present invention |ikew se rel ates
to reaction Step (a), especially the reduction step of: reductive
amnation. If the reaction is carried out, for exanple, with a borohydride
and unde ic condit jons S tionally, in the presence
o wat PherBP R R en oL SReynp: e o S SRRk pe e oS!
met hanobith efywnoéntionsIydehiobf 27 ahaleef forfala 1 resul ting. conpound of
formula (Il ¢c) or (Ii c¢'), respectively, can surprisingly be obtained in an
essentially enanti om@A,cally pure form It is expected that under basic
conditions, normally: | east partial racem sation will take place. In
contrast to this,pgu jly, for exanple; C an enantiomer excess (ee) of
a conpound of forﬁula ( or (Il ¢'), respectively, of > 95%
preferably > 98% and S ef.erably > 99% can be achieved. Step (a) is
preferably carried out under onditions, especially in a tenperature
range of about -10C to a QOJA t enperature, preferable in a range of
about -5C and +5C. Steg’ In reaction Step (b), the acylation is
carried out, for exanplé~ absence or in presence of a suitable base.
Case 4- 32676A - S S v

C

an at

R1
wherein Rs and Ry, independently of one another, represent C,-C;-alkyl, such as methyl or

ethyl, or together form C;-Cs-alkylene, such as-ethylene, propylene or butylene or 1,2-
dimethylethylene.

The present invention likewise relates to reaction Step (a), especially the reduction step of.:: =
reductive amination. - If the reaction is carried out, for example, with a borohydride and under:: - :
‘basic conditions in a polar‘ solvent, optionally, in the presence of water, preferably in a lower.. -
(especially anhydrous) alkanol such as methanol, ethanol, isopropanol or glyme, the .

resulting compound of formula (I c) of (o c) respectlvely, can surprisingly be obtained in an -
'essentlally enantlomencafly pure form. iti i$ expected that under basic conditions, normally:
‘an at least partial racemisation will take place. In contrast to this, surprisingly, for example;
! C an enantiomer excess (ee) ofa compound of formula (il c) or (Il ¢’), respectively, of 2 95%,
preferably = 98% and most preferably = 99% can be achieved. '

Step (a) is preferably carried out under mild conditions, especially in a temperature range of
about -10°C to about room temperature, preferable in a range of about -5°C and +5°C.

Step (b):

.,1-4-;-—' Lt - N o 3 - . ‘_ E B B - 4_- - . .o
T P T TR -y T R

_ln reactlon teQ (b) the acyfatlon is carrled out for example in absence orin presence of a’

suitable base.



-18 5E3F8&3zag§§es are, for exarrplle, al kali metal hydroxides or

carbonates, norpholine or piperidine am nes, unsubstituted or substituted
pyridi nes, anilines, naphthalene amnes, tri-C,-C, -alkylam nes, basic

het erocycl es or tetra-Cl-C7-al kyl - mggnl um hydr oxi des. Exanpl es, which may
be nentioned, include sodium hydroxi pot assi um car bonat e,

triethylamne, tri-propyl-amne, tri-butyl-amne or ethyldiisopropylam ne,
N- net hyl - mor phol i ne or N-rmet hyl - pi peridine, dinethyl- aniline or

di met hjpubatile basepdrehtor examplea, dtali meta!éhytﬁomdés ortianegnates,
benzyl I I.0, f

tri - le*r[ghﬂ?c%l Eé’ H&ng&ﬁﬁje Zﬂ\ *snﬁtda%y & s%étﬁﬁilfegiiﬁdlhé %rullnesm/rI dine. The
acyl at naprhthaienaamrm i@ Cﬁalkylammabbasm: h(ﬁEtOngéS’enthre’FCﬂ-@ly alkyl xt ure of

sol vent s The san. skill in.the art is fully bIe o select a

Sui tabﬁ@”%o&'%ﬁ'?g@“%g%lé ﬁg%’ﬂ%'éﬁ%&? '%%'RB?% ’”‘33 a?oéid I ¢ hydrocarbon
such ahydrotide mtassiune sarbonstecticthylandbdythi-pegtybaming triabutyhdmine opf

et hyl ac t.e and water . such as, net hyl ene

chi ot SOy OmATang, Ml ra e e EhBaeins el "an at her  such
as t et pailyglorodiniethyiantino-gapithsiene, la Ridinard balidnegtohane, . am de such as

di rreth Ifo hydr ocar such as.to , 1.s. used as sol vent.
Dur i ng tgg%?haﬁ%o%ymﬁgw&ﬁwrg e“feﬁ'rh’?ﬁ?eég?h tﬁf'abwfaﬁﬁ'—"?s hydr ogen,
the caidhaaeydthgrdisdprobghimind spislhgrigiayl ated form ng a m xed anhydride. This -
intermediate is strongly prone to racem sation, mainly under basic
conditions. Racem sation however can be avoi ded by first adding the

Eg”polumﬂe Qéy!étﬁfnﬂb' barried bvt M)a sfeBRGhért bolvéier hed leuretop sbitenisonpound: of
rmul a

able jnert solvent i met hoxyet hane, . .
t et r ahyof B?’ﬁP%gEB‘?SQéE? 8hils fulty pnahled fo %‘?"Eﬁk%f“ﬁ%l? ﬁa"’ﬁmsqmo"’%‘f"ol ¢hi onetric’
anount syaterh hﬁobé)i?@npléséiﬁé?bﬂiah& h?dfbb@}bessuctmag@mheoah tQet dighgenpound -of . . -
formJIa(II ampunts o in aﬁ reactjon m xture, preferably

t Wo V'@%‘Ftézﬂ%r a W%“r 36’8 Fhvieraints and watee Shalogasrieddvdmearbie r eaction can

al so bgmheyrsrm@my@ué chibrigé, it aRinsasicetd it brofRioAfile tdntéhaf. & conpound ..
of formula (Il d) and a base such as pyri di ne keepi ng t'he reactlon m xture
aci di csugh ag tetrahydeaiurane or dioxane, 1,2-dimethoxy-ethane; amide such as- - T

dimethylforramide, or a hydrocarbon, such as toluene, is used as solvent,

. During the acylation-of a compound of formula-(ll ¢}, if B is hydrogen, the
carboxyl-group might also be acylated forming a mixed anhydnde This
intermediate is strongly prone to racemisation, malnty under basic conditions.
Racemisation however can be avoided by first adding the compound of formula (I

_ ( ' d), especially the halide, to the compound of formula (lic) in-a. suitable inert solvent

(e.g. dimethoxyethane, tetrahydrofuran or acetonitril}, then slowly adding a sub- ‘

stoichiometric amount of the base, especiéily pyriding, in relation to the compound

of formula (I d). Small amounts of water in the reaction mixture, preferably two
equivalents, may additionally suppress racemisation. |

The reaction can also be carried out by simultaneous or alternative addition of a

. g_:ompound of formula (II d) and a base such as pyndme keeplng the _lfeaqyon .

T O S SO S Yy

mixture acidic at all imes.

The invention likewise relates to a compound of formula (Il ¢), wherein R, is
hydrogen or a tetrazole protecting group and R; is hydrogen or a carboxy



The i /&A% 37 %ewi se rel ates to a compound of formula (Il c¢), wherein R
is hydrogen or a tetrazole protecting group and R2 is hydrogen or a

car boxy Case 4-32676A -19- protecting group, excluding a conmpound of
formula (11 c), wherein RL is ethyl and R2 is trityl; that can be used
e.g. as internediate for the manufactd® of the conpound of formula (I).
The invention |ikewi se relates to reaction Step (b). The resulting conpound
of formula (Il 'e) can be obtained in an essentially enantionerically pure
form _g@tectwgagmd@,examdm@amdrmmrnd@rw&mre(@la)), wheraind®mpethytlaed fornula (Il
c) or (1 5% 8% and nost

1c),, respectively, of > referahbly 2?2
pref er I‘sj/m?)';éb%‘f?é‘r%%‘ésle\éa%éi R/Biprme 'awofgﬁr@%ﬁ?éurg‘%ﬁﬁ ecting group and

Rl is I&Mﬁﬂ]bwoﬂbrmujgr(?l ecting group, for exanple, two equival ents -of both .

a conmpound of forrmula (If d), e.g. the corresponding halide thereof, and a
base; e.g. ethyl-diisopropyl-amne or tri-n- propylamne are added to a

cor r esARBGHREGP IMRAHErhited & @lbibn(Stdp ¢0). diheSesMi ddmpoundoii t abl e sol vent,
e.g. toluene, Surprisingly, no racem sation is observed. Normally, in

cor r es BAYNY Dsrpd@rpiaied namessantally pntigipricalipie foen-hie ogen or &
pr ot ec%ké?ﬁ?lgr&ygnalﬂ%é’t‘%%gsﬁé%ta &mpRalof Rithiuld(ll dy?f \Aﬂg ,Zﬁ' on, mainly .in

presence o _base or acid and at’ el evated tenperature. H , ho
racemn segpeelively, Pk 86%e Pralarablyri@8%ane reem araleahly 295 icadbaccor ding to ‘thi s

i nvent haﬂe\,&pr mal |y, in correspondi ng conpounds of formula (11 c), wherein
R2 is hydrogen, one would expect a racem sation. However, in a presence of
a base, no racemsation is observed. If R is hydrogen and R2 a protecting

£OUD, 1ot le i o I ALYl 3t A . the

SoP) B ot e s Bl B iR )

met hanekamplaghwomauisaianisibiiepti ereeoweund ghiormula (bid).&-gdde wherein RL is ~

ggggfggﬁr&esggﬁ&ﬂb PR ihet Yt BtdPa blde, ©)g. RtF-KRWRpH-arRB o §i-fRNUf act ured .
propylamine are added to a corresponding compouhd-of formula:(li ¢) dissolved in.:+

a suitable solvent, e.g.'toluene. Surprisingly, no racemisation is observed.

Normally, in-corresponding compounds of formula (il ¢), wherein Ryis hydrogen or -
a protecting group, one would expect at ieast partial racemisation, mainly in
presence of base or acid and at elevated.temperature.. Howevef, no-racemisation. -

is observed under the conditions applied:according to this invention. -

‘Normally, in corresponding compounds of formula (il ¢); wherein R, is hydrogen, © -
C '- one would expect a racemisation. However, in a presence of a base, no

racemisation is observed.

If Ry is hydrogen and R, a protecting group, the tetrazole ring might also be
acylated. When, however, the reaction mixture is quench-ed,. for example with
water or an alcohof such as methanol, the corresponding compound can be
obtained wherein R is hydrogen.

Compc;unds of fd_rmula {I‘I' d) are known or. can be manufactured accordmg to

- methods known per se.

Step (c):

h al cohol “"such as

. - : s - s, - : Co . -~ . - - - P
- e e - e e e, TS T SR L AR i i it o o e A 5 R T T R A T L 1 e v e A 1 2 e e et



rret hods Eﬁé‘m%%ggr se. Step c: Case 4-32676A -20- The rempval of the

protecting groups, both the tetrazole and carboxy protecting group, can be
carried out according to nethods known per se in the art. For exanple, a
benzyl ester can be converted into the_corresponding acid especially by
hydr ogenation in the presence of a sﬂgﬁéble hydr ogenati on catal yst. A

sui tabl e catal yst conprises, for exanple, nickel, such as Raney nickel, and
noble nmetals or their derivatives, for exanple. OXIdeS such as pal | adi um or

pl at i nlihe cshola| ohmeqinowawga@‘oapglhwmheltétrma arﬁblqarb@cysuppomg materials; for -

exanpl 6., 0L bal8h HPLELHMER HORBLE o llrpgengyi on may preferably.

be carfie pressures between atm and at room
t enperature between about -80 to about 200C, in partlcul ar between room

t enper ture a of a tritwvl. tert-butyl group,
Fespect VR Dgssy S e sEiF R IRR ™ edrRbndiafRy o of ect a
corrpouestsacié)ﬂy by apd@gedationsp de prebgnoend ersuitalbid hy&ngdmatioarmtalﬁt.ep d :© The

i sol ation ried,out according to.

ooy ontDehiE Batafib rmisid: T Hesml 8T SyBn by FREPLE™ po ¢ acur t g

C?rrpoua@blﬁhqems wtr@(rldelnlfmm;mexamaabmas Jeugh HE@aHaduimd)eSI redhor PeCﬁssary'
after § u ecl a tILo or (0] tora y O t he
react i %@“WH*’S&PE&’F@ ﬁ*ﬁ'é"ﬁflrkﬁeg%q?ﬁ‘i&r €‘$esgﬁg'§8|sﬂp5?’¥?18? [a (("ﬂ Rt%o a salt is
g arri e? cHborl & c('jalm? @?Ebdﬁ?wmmaﬁymenaﬁm%fy bﬁé’fz@ﬁ@ﬂf{d (Pdrrtléd sl t hWI th g

ase 0 co ounds o e IS O al ne reati ng eaC| ‘
f or m wikRYeSPURRR Retwagn @r\ﬁlat%ﬁ’uh (ﬁ)aétg? @Qﬂ at gem T’?é“ﬁ?("ﬁé?e PRIWBeN be converted -

Qto t BiSout a8 °do GbEGL0ReOTRAWarculan bew@éﬁtr@émrtamﬂ@faﬂﬁé and@fogal ts wi-th-a: base._z--.
n be converted, for exanple, by treating with a suitable acid agent The

preseniOQ"Qventlon IlkeW| se reI ates to the novel; corrpounds as descrl bed in
the Wrking : neooo

The removal of a trityl or tert-butyl group, respectively, can be achieved by treating:
corresponding protected compounds with an acid; especially under mild -

conditions.

Step (d): S
The isolation Step (d) of a compound-of formula (l}'is carried out according to conventional-
isolation methods, such as by crystallizing the resulting compound of formula (1) from:the .
reaction mixture — if desired or necessary after work-up, espec;ally by extraction - or by:
chromatography of the reaction mixture. '

The conversion of an acid of formula (1) into a salt is carried out in a manner known per se.
Thus, for éxample, a salt with a base of compounds of the formula (I).is obtained by treating -
the acid form with a base. Salts with a base can, on the other hand, be converted-into-the
acid (free compound) in a customary manner, and salts with a base can be converted, for

example, by treating with a suitable acid agent.

wmoe - The present inventlon llkeWIse _relates to the novel compounds as descnbed in the Workmg

Examples part

The following examples illustrate the invention described above; however, they are
not intended to limit its extent in any manner.

st emacemre
-.‘. PR DR
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Exanpl €8sp&i367%he fol | owi ng exanpl es illustrate the invention described
above; however, they are not intended to limt its extent in any manner.
Case 4-32676A -21- Working Exanples: Exanple 1: a) Preparation of

3-methyl -2(il-i2"-(1Htetrazol-5-yl)-Dbi phenyl -4-vll|-nmeth-(E2)-ylidenel -

am no}-butyric acid Il XH N N H NZAgueous sodi um hydroxi de sol ution 30%
(4.2 mM; 31.5mmol) is added to a stirred suspension of L-Valine (2.43 g;
20.8 mol) and 2 -(1 Htetra zol -5-yl)-bi phenyl - 4-carbal dehyde (5 g; 19.6
mmol), in water (20 mM) at roomtenperature, until pH 11 is reached. The
resulting.. solutionis stirred at roomtenperature for 15 mnutes. The

cl ear ﬂ@.&!ﬂﬂﬁlﬂﬂ@i&vaporat ed at "60C in vacuo, and renmmining water is
azeotropl cally renoved with 10 ml 1-butanol. WNMR (CD30OD, 300MHz): 5= 8.21
(CH=N, Exgmple 167 (C6H5- CH, d) 7.40-7.60 (4 C6H5-CH, n), 7.18 (C5H5-CH, d) ‘
3:42 (CH, d), 2.31 (CH m, 0.98 (CH3,'d), 0.82 (CH3, d). . C. bi)
Preparati on of _ _ _
(9)-3-0etEuba 2b] & o
acid

amino}-butyric acid

Aquieous sodium hydroxide solution 30% (4.2 mi; 31.5 mmiol) is added to a stirred " -+
suspension of L-Valine (2.43 g; 20.8 mmol) and 2':(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde
(5 g; 19.6 mmol), in water (20 ml) at room femperature, until pH 11 is reached. The resulting - -
solution is stirred at room temperature for 15 minutes. The clear solution is eVaporatéd at

'60°C in vacuo, and remaining water is azeotropically removed with 10 ml 1-butandi.
TH:NMR (CDs0D, 300MHz): Lo g L
5='8.21 (CH=N, s}, 7.67 {C¢Hs-CH, d), 7.40-7.60 {4 CGH5-CH m), 7.18 (CsHs-CH, d) 342
(CH, d), 2.31(CH, m}, 0.98 (CHs, d}, 0.82 {CHj3, d).

b1) Preparation of (S)-3-Methyl-2-({2’-(1 H-tetrazol-5—vl)—bi_phenLI-4-v!methvl)samino)—butvﬁc
-acid

B Tr o - T R




AqueousCaeal#386THAIr oxi de solution 2.0 M (approxi mately 100 m; 200 mml)
added to a stirred suspension of L-Valin (11.8 g; 100 mol ) and 2'-(1
Htetrazol - 5-yl ) - bi phenyl - 4-carbal - dehyde (25.1 g; 100 mmol) in water (100
m) at roomtenperature, until pH 11 is reached. "~ The resulting clear
solution is evaporated at 60C in vacuogez and renmai ning water i s azeotro-
pically renoved with 1 -butanol. The residue (imne as a solid foam is

di ssolved in absolute ethanol (300 m), and sodi um borohydride (3.78 g;
100 nmmol) is added in portions to the solution at 0-5C. The reaction

m xture is stirred for 30 mn at 0-5C, and, it the reaction is .conplete

( HPLO) , Agueens sediutmhyaldukide smutivih mf\fb(tappmmnately 1aﬁdnlh80ﬁmmml0$addeﬂ:h0ch 2;0

80 . .160 t. ff f
the. ol eifredstRRr B - 50T b ey R ERERear O
concentdehlyde (25.dj G0 mehdt)dn mdted (b§o a1t)ca/t/raﬂﬂ térnperatufe, untippeH ot id reactmedam d" 2.0
M (approxi t.he addlthn t hen

lmately 70 ml ;. 140 mol t .. Durin ..
RS YR A T R . o A e e
- wat er @@hnsirrérﬁdvddwmmtanﬁheﬂw rgriup (iavehs hSOMJR)BﬁT)MSSdWGmﬁh aBssiliteat -
( (%)C 3a%vt h? (@Ol(” f’i,y r(qs sodlum goroﬁwydnde 3.78 g; 100 mmol?lré1 atd%”B‘?r{ S‘ért‘ Er% to the
Htetr aeumloﬁay b)seGi mherwdzctr@nyhmmﬁ iexén)realresrm@)minlamraw; asd,dk the reattibesd ed by
]E Isl) ' gat L on angH%?é qgengll'\ed by ad%l(l;t%g of water (16 d\ndeJchlonc acid 2.0 M:(80

H-t et r 3EPh6@ mrhdl). bTHHT@r@Mhlc%t)Mbn tHaybl) 1sa$ﬂ|;5ﬁ29d'dmlréfhltﬁe clé@ﬂ $biieA (e méepar ed .
ﬁ{g. as_follows: j@eous sodi um gdrom de sol ution aﬁgrom mat el y

41PN yague- Jhgdgmeiing aqusop P@@P%@}?e'ﬁé%’ﬁfe&fto EH\?aw W @sigition @f 210
nol ) arryero%hmﬁé abidtzet WMe@Pproxmyatbly Yorhe nyd nﬁ‘ncﬂ)aétbl@l“c @ehu@iﬂae(éda@n tRO0; .mawl;)

in water (200 ml) at roomtenperature, until pH 11 i s reached

resul t |%"€‘I’ BrpductqIreeipittes. st &/%Pﬂ@?tﬁf‘ oY f'ﬁ'@"@’b@’ﬁ%’?eg%Ud"at%frﬂﬂ‘drdé'ﬁﬂl'ﬂt| ng-weter =

i s azeqlEepi iR bMdeprodUéfTB\é@gpe‘Mdela rﬂrmemﬂr@ﬂéllsocﬁh&wd Boisilig i§ LHdIBGIAS & .
solid foanm) is dissolved in and sodi um borohydride

(3.13 gooedemﬁﬁna)ur?s(%)dﬁwm 2;!&%1(1 %ﬂ%ir%zei %-MB bgttneuwrébw ra¢thyl)-amino ’PHMG

reactl%,cm;ébggceed@ﬁ&gﬂ'dregﬁﬁénagem,ﬂ,a@t,oo 5C, and, if the reaction S -
conpl ete- (HPLC)', © quenched by ‘additi on of water (300 m) and hydrochl oric

acid 2.0 M (160 m; 320 mmol ). The organic .solvent (nmethanol) is stripped
of I 11 qm)t Mrerrilioay, (S?Ja%éﬁw‘é gb* (i RiraR0E (fIHPblﬁﬁé\fHﬂM-yi Tty ARh8) BislyRaLeous

‘concentrate | s"ad] ust sl ow addition of h drochl oric acld 2 0
M (apprasi mt@e;ewedrﬁgaétqus Dur| ng ‘the addition the desi red product:™

pr eci pi q%tegﬁs socijlﬂagygrogaiﬁ lﬁ‘g % IJI ap r&%macﬁrely ﬂamlhﬁ% mmcn) is ad(aed ?nd dr| ed

I n vac
- stirred suspension of L-Valine (24.8 g; 210 mmol) and 2°-(1H-tetrazol-5-yl)-biphenyl-4-carbal- - :

dehyde (50 g; 200 mmol) in water. (200 ml) at room temperature, until pH 11 is reached. The . ©
(wr resulting clear solytion is evaporated-at 60°C in vacuo, and remaining water is azeotro'piealiy

removed with 1-butanol. The residue (imine as a solid foam) is dissolved in methanol (60‘0."

m), and sodium borohydride (3.13 g; 80 mmol) is addéd in portions to the solution at0-5°C, - = -

The reaction mixture is stirred for 30 min at 0-5°C, and, if the reactien' is complete (HPLC),

guenched by addition of water (300 mi) and hydrochloric acid 2.0 M (160 ml; 320 mmol). The -

organic solvent (methanol) is stripped off from the clear solution (pH 7) at 50°C in vacuo.

The remaining aqueous concenttate is adjusted to pH 2 by slow addition of hydrochloric acid
e CL20M (apprommately 90: ml)*at 40°C:During the addlhon*the desired product pregipitates: It-= -+
' s coﬂected by filtration, washed with water and dried in vacuo. The crude product is

suspended in methanol at 50°C, and stirred for a few minutes. Then the slurry is cooled to
room ternperature. (S)-3-methyl-2-((2"-(1H-tetrazol-5-yl)-biphenyl-4-yl-methyl)-amino)-butyric
acid is collected by filtration and then dried in vacuo.



O ‘;:‘"";-:mmoi) ana “the reactlon CRbGre 1§ sf‘rred “attioom Temperature Uniil"a " clear Solitidn 76

suspend@dse A-3@67HANol at 50C, and stirred for a few minutes. Then the
slurry is cooled to roomtenperature. (S)-3-nethyl-2-((2"-(1

Htetrazol - 5-yl)-bi phenyl -4-yl -net hyl)-am no)-butyric acid is collected by
filtration and then dried in vacuo. Case 4-32676A -23- Enantioneric excess
(by HPLC): ee > 99.9 % b3) Alternativetys;
(S)-3-nmethyl-2-((2'-(1Htetrazol -5-yl)-bi phenyl -4-yl -net hyl )-am no) -butyric
acid can be prepared e.g. as follows: Sodi um hydroxide (1.71 g; 41.89 muol)
|sadde L reed spension of L- Valine (2.48 g; 21 nmol)
I n n?nérﬁloﬂ]%”& e%b?sre B¥n ﬁit?peée?sgggl'?red at roomtenperature for 30

m nut es. Then 2'-(1 Htetrazol -5- yt) bi phenyl 4- car baf dehyde (5 g; 20 mmmol)

mxtur s Mealhy 8- PRAER @ e KR s SR A P S I Bl
added i arigcar bepepaced dig. sololiowsn. The tenperature i s maint a| ned between
. 0-5C during. the addition. The resulting mxture is stirred for 2 hours at

oC - t h@odxmdtwdmideo(ﬁpi’m;iﬂmg snrhal) Ieoaﬁitdbiyl pdfPlichs- tot hetirred snghersionbyf. L-

bet weerv s (G383 Ao p iR oiHaRaR JHed RIS s et Todh bk Y o
Zi(?glrolngi(flmbﬂl)es EEhelm121-((1mﬂeteltrazﬁ)&ﬁ‘ﬁblpbh}yl—wﬂa@alde}qde (98; 20 fnld) is added. The T
(95" o Pocomes 2 clyar oD tes & P iR, Thaumyitmde iy ooty B yri ¢ ©

acid cadhd)eocpnmpadsredyc'eic@. (8315 @f [9owanol). s adBed nn Rieek wuthectslvton. The
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done si?ﬁqnil f’%eﬁﬁ’éﬁﬁ%ﬁkﬁgb)‘ge ’b%ézgﬂét ernativel 5 Y R

~('S) - 3- et hyI :2- ((2'-(lHtetrazol -5-yl)-bi phenyl 4-yl - et hyl ) -am no) - butyrl c‘

aCI d can) Al'l%rn l%lge(, (S? nget%yl—é-?e lf)‘l\ﬁtetrazcﬂ -5-yl)-biphenyl-4-yi- methyl)-ammo) butyrlc

acid can be prepared e.g. as follows: :
.In a 50 m! steeE autociave, 3- methyl~2{[1 [2‘ (1 H- tetrazel—S—y!) blphenyl-4-yl] meth-(E/Z)-
ylidene}- amlno} butyric acid (1.5 g; 3.2 mmol) and 5% PYC (7.5 mg, 5% wt/wt) is charged- -
. "under argon. Then 15 mi methanol are added and the aufoclave is sealed arid flushed with . - e
- argon and hydrogen. The pressure is set to 5 bars and the reaction stirred at room :
- temperature; The reaction completion is monitored by HPLC. Then the autociave is flushed
(:«' " with argon and the catalyst is filtered off. Further work- -up and crystallisation are done similar -
to example 1 b2)

b5) Alternatively, (S)-S-methyl—2—((2’-(1H—tetraio!-s-y!)—biphenyl—4—y|—methyl)-amino)—butyric '
acid can be prepared e.g. as follows: 7 |
2'-(1H-tetrazol-5-yl)-biphenyl-4-carbaldehyde (0. 79 g; 3.2 mmol) and L-Valine (0.4 g; 3.4 .
-mmol) are suspended in 15 ml methanol Then sodlum hydroxide is added (0 27 g; 6.72

-'-pi i

obtained. 5% PVC (15.8 mg; 2 wt/wt-%) is added. The autoclave is sealed and flushed with
argon and hydrogen. The preesure issetto 5 bars and the reaction is stirred at 60°C. The.
reaction completion is monitored by HPLC. Then the autoclave is flushed with argon and the
catalyst is filtered off. Further work-up and crystellisation are done similar to example 1 b2).



2" - ( 1H-Cadter&226768 yI ) - bi phenyl - 4- car bal dehyde (0.79 g; 3.2 mol) and
L-Valine (0.4 g; 3.4 mol) are suspended in 15 m nethanol. Then sodi um
hydroxi de is added (0.27 g; 6.72 nrnol) arid the reaction mxture is
stirred" at'-roomtenperature until a clear solution is obtained. 5% Pt/C
(15.8 ng; 2 wt/Wwm--9% is added. The awgocl ave is sealed and flushed with
argon and hydrogen. The pressure is set to 5 bars and the reaction is
stirred at 60C. The. reaction conpletion is nonitored by HPLC. Then the
aut ocl the catalyst is filtered off. Further
wor k- U|ca)é/n n%ﬁgctra |cg§}1fe§ iﬁg{iﬁ%ﬁéggg n% /}S]I mlar to exanple 1 b2). Case

4- 32676A - 24 Enantl orneric excess (by HPLC): ee > 99.9 % c) Preparati on
'g];n El(?% ut 7 [on°Q r A)-k ere]ne\/rlwf Imet¥| limt hyl |
(S)- 3 et layking-tt@ic-ddd | |
H-tetrazol - 5-yl) - bi phenyl - 4-yl net hyf)-am no)-butyric:: acid (17.6 g; 50.e
nmol ) in 1;2-di net hoxyethan (116 g) is cooled to -5C, and val eroyl -
chloride (9.9 m; 80 mml) is added, followed by slow addition of pyridine
(6.0 mM; 75 nmmol) diluted wtp 132-dinmethoxyethane (60 m). [1] After
conpletion of the react%{jﬁ\ ction mxture,is quenched wth nethanol
(18 mM). Finally. water 0~m)Yis“8tted at room tenperature, and after
stirring for.,1 h, the mxture ik adjusted to pH 7.5 by addition of -.:

; agueous, sodi um carbonate solutio @I ( 116 m "120 nmmol ) at OC. The
;organi c solvents: are stripped ofS 2C in vacuo. Ethylacetate (125 nl)
g-s added to the rémaining: agueous con rate, and t het wo- phase systemis’
~ ®dj usted to pH 2 at 0-5C by additi gisp+F2HOM HCl . . (- 98 m). The organic
phase is separated and concentrat el a g 45C In vacuo (water is
“azeotropically renpved). The crystalfTization of the product is initiated
_--:at 45C and - after addltl on of cyclohexan (102 m) - conpleted by cooling

-5C., The solid. filt fter dryi at 50C,
(9 - A RIS B TSTE Moot B bBRon A bl altine Thuf.
- ~4- y| me'tabil (§7.819; 15010 minot) yn n,cz-damethhmenm@ |sa®cded/\ﬂtm45é(3pmdiwleroml ting
s :_p0| nt: , c%l(c))nde %Ep g mi; 80 mmol) is'added, followed by slow addition of pyridine (6.0 mi; 75.mmol)
diluted with 1,2-dimethoxyethane (60 ml). [1] After completion of the reaction, the reaction’

~mixture is quenched with methanol (18 mi): Finally.water (50 ml) is added at room -
...tempé.rature,- and after stirring.for.1 h, the mixmreis adjusted to pH 7.5 by addition- of <.
aqueous sOdium'carbohate‘solution-1-0%’, (=116 ml,.120 mmoly at 0°C. The organicisolvents:
“are stripped off at 50°C in vacuo. - Ethylacetate (125 ml) is added to the remaining-aqueous " .
Ecqﬁt;ehtrate‘, and the two-phase system is adjusted to pH 2 at 0-5°C by addition of 2:0'M HCI.
C (~98 ml). The organic phase is separated and concentrated at 45°C in vacuo (wateris
azeotropiceilly reméved) The crystallization of the product is initiated at 45°C and — after
addition of cyc!ohexan (102 ml) — completed by cooling to =5°C, The solid is collected by
filtration, and after drytng at 50°C,; (S)-3-methyl-2-{pentanoyl-{2’-(1H-tetrazol-5- yl)-b:phenyl—
4-ylmethyl]-amino} -butyric acid is received as a white powder.
Melting point: 108- 110°C
;Enanhomenc excess (by HPLC) ee >99.5 %

S R S ) e . S R DU RE A UPRES T Povat PSP SNPGRS G VO U PSRN SR - ) S 5 S RISt ol
e

A T T e ;-1‘.,.‘_ [ED O S SO PP L i e e e il em L wramiee et

- [1] Atternatively pyridine and véleroyichloride can be added alternately: A suspension of (S)-
3_-méthy!a2—((2’-(1 H-tetrazol-5-yl)-biphenyl-4-yimethyl)-amino)-butyric acid (25.5 g; 72.6
mmol) in 1,2-dimethoxyethane (126 g) is cooled to —10°C, and valeroylchloride (8.75 g; 72.6
mmol) is added 0vef'15 min., followed by slow addition of a mixture {7.16 g) of pyridine (5.6



Enant i &@6¢ #c349(88ss (by HPLC): ‘ee > 99.5 %[ 1] Alternatively pyridine and
~val eroyl chl orirde can be added alternately: A suspension of (S)-

3-nmethyl -2-((2'-(1 Htetrazol -5-yl)-bi phenyl -4-yl met hyl ) -am no) - butyric
acid (25.5 g; 72.6 mol) in 1,2-dinmethoxyethane (126 g) is cooled to -10C,
and val eroylchloride (8.75 g; 72.6 nmRbl) is added over 15 min., followed
by slow addition of a mxture (7.16 g) of pyridine (5.6 Case 4- 32676A 25-
g) and vvater (1.5 g) over 61 min. After stirring for 30 mn.

val er oy &m\%ieég s@ av&sﬁﬁrnS Aﬁ@?re.hanngso@siﬂ% oéaeroy%hmnaeésw hewed by sl ow

addi ti ©n over a mxture di ne and wat er

(0.9 gnmokxis é‘ﬂdé‘é@Yﬁ%ﬁj@M i Telpwsd tpml@w megwu evegn%% rging ah@ mtu@dgks’yg) Adanpl i ng

(hydr olyzsh W §) :X\?&ﬁéﬂer (oT@a) th&featch%d%fﬁHPbP *@%ﬁtrafc%fgtbgl ow 2. 5.
The reactioh 18 stirred for envva IS a over 30
m n. Teempingt(hy@drolyged with miatal). fBﬂe aiﬁ@f H@rsa&@'w $hou d afyﬁy&\ge helgwt5.0Be over

30 m nrea@{% ététlFrEg% ; ?Pﬁg%}fgdﬁl%r frs d%ﬂb mmoﬁ'hglﬁ'nlxt ve of

organi ¢, soO vent's urt er V\Dr crystla zatlon S
done astirasidfor am‘berfv‘ﬂmm tbﬁrawprreed_tmw &30 muarqcﬂdestlrmmf@rmmme ban be

| I I usty ated ﬁmﬁé{%}gﬁ(}?@*t '}éﬁ?‘;"% fwaf},% §o‘i‘\?éﬁ§at§}h gtﬂlgﬁﬁ? ’\Fr’{ll‘\}’er ‘worl uB j'm!i| \ N~NH

V V WYStalllzaIIOM\ls Gbherdescribed in the edgmplechtldbrse. \ | N' \ N--NH N-NH

Examiple 2:

C

This example can be illustrated by means of the following reaction scheme:

.Ir\/@

T H,N COOCHzPh

NEBH 7 Basel EtOH

H, / Catalyst

~a) Preparation _of (S)-3-Methyl-2-{[2*-(1 H-tetrazol-5~vl)—biphenv!-4-v|-methvl1—amino}-butvric' '

acid benzvlester

L- Vahn benzylester {osylate (6 38 g, 16.8 rnmol) in toluene (40 mi) is extracted w:th a solu-
o Atlon of sodmmcarbonate (2 36 g, 22. 0 mrmol) in water {40 ml). The organic phase (contains
- m‘“:: Ll benzylesterfreg base s serparated“ and 2%(1 H-tetrazol-&yl)—blpheny1-4-carbaldehyde Lot fi‘”-::
(4.13 g, 16,0 mmol) and tri-n-propyl-amine (3.20 ml, 16.8 mmol) are added at room
-temperatur_e. The resulting solution is evaporated at 50°C in vacuo (water is removed
azeotropically). The residual-oil (containing the intérmediate imine is dissolved in abselute
ethano! (40 ml), and sodium borohydride (0.68 g, 17.6 mmol) is added in portions within 10



a) Premﬁ@amzma@uf (S) 3 Mathvl 2 {f2'- (1 : |
Ht et razol - 5- vp- bi phenyl - 4-yl - net hyl t - am no} - butyric acid benzylester
L-Val i n-benzyl ester tosylate (6.38 g, 16.8 mmvl) in toluene (40 nm) is
extracted with a solu- tionof sodiuntarbonate (2.36 g, 22.0 nmmol) in water
(40 m). The organi c phase (containsggl=val or benzylester free base is
separated; and2'=(1 H tetrazol 5-yl)-bi phenyl-4-carbal dehyde (4:13 g, 16.0
mol ) and tri- n propyl am ne (3 20 M, 16.8 mmol ) are added at room
tenperatu utlon s, e d at I n.,vacuo (water is
ooy S ES KB OEar e reRatpe s e s BT S HB R ar B T e AT EPREtR at o
| m netbs oﬂtr@s@hmm ihe raml@hUﬁMur@tstmbhédﬂwnmwmr @mimatuﬂau eschioy | de

O T kBB b T e A A2

0-5C. rte@&n&ﬂmnﬁe at 507inQhctidand ﬁ@cl’elsi@{]al dqh@ommsdmr@ Rxtfhtbd WathitGlusheenched
wth water m ). and adjusted to addi ti on_ of h%drochl oric acid

5 M 160 ). ‘The i hserts Comganyatad 31500 41 Y4B BPPIORISHE B PLEL | on

m Xt UpRgiRkl \éﬁhm@wagﬁmaw(v&d?@r a‘r@ﬁétﬁéﬁ:ll a@é@%ﬁ@plﬂélgtr@ﬁ%vé { "'I@%tr@guimg{ h
t ol uene (60 I c_phase is concentrat at 50 I n vacuo

appr oXPRRENERLE @ m@ @ﬁnt@ln@g (§P Synetay-ZgF didE-tetjazak-Eniitbiakeryh4 phvtedyiiand

et han B12CKD &t (35 m)
cont a?h‘."?}‘*’”é?’é%‘ sy rsma%ﬁ’)ﬁtt s B3 gé'“méﬁ-g'bff’ St Eﬁ%. ! et hyl ] -
am no]ﬂCﬁ@ﬁqF'rFrT@pam d benzyl ester is used as it is as starting material for
t he subsequent acylation step. b) Preparation

~ (S)-3-Methyl -{2- centanoyl [2 (1FFtetrazoI 5-yl) - blphenyl 4 yl - nethvll
‘anmi nob) birsparationaf Sha-he ‘«~u ERpVid: riatiazel-5o/Rybipherivl-f 2t- (1 .
Htetrazglsm nethyl] am no}- butyrie. ‘acid benzylester_ .
(appr oxi '

ll'ari in toluene (35 mM) fromthe previtus:'step
s i sTHe solution of (-3t (1236 eyrazqitfeylbisheny-dtylrmedyll-arginok bdtyde t o 0-5C
- under d 5:2nmol) ..
and vaPEBLn A ReaRSodARRG 7.9 ROHAK) F SRBCAPARR R ool el P! )
The r isaditiiaghwithi toluene (3&mhe dihedleay s@momsmqoledag Orf°f. undendnbyglrows eandist  50C -

L, TN e ol fary 6 T b Ol Ty eneed oy
appr orim}: @kyadged at.this temperature. The reaction mixture is heated to 50°C within 30 min. R
and agitated at 50°C for approximately 1 h ang;— after corrjp!e‘tion of the reaction - quenched-
by addi‘tion‘ of methanol (10 mil) at 50°C. The clear solution is stirred for approximately: 30.:
min at 50°C and finally cooled to RT. Water (30 m) is added and the resulting two-phasé: -
systemn is adjusted to pH 2 by addition of hydr.ochquic acid 2.0 M (approximately .11 mi; 22 Lo |
mmol). The organic phase is sepg_'rated,.extra_étédeith water (30 mi) and concentrated at
Cr 50°C in vacuo to approXimately"Sd % df the originéi_ volume by destillation (water and .-
methanol are azeotropically removed). The resulﬁng concentrate in toluene (40 ml) is:
seeded at 40°C in order to startthe c-:rysta!'tizatidh' and agitated at this temperature for A
approximately 1 hour (h). The suspension is gradually cooled to 0°C within 6-10 h. The .
solid is separated by filtration, washed with cold toluene (30 ml) and dried in vacuo at 50°C
to give (S)-3-methyl-{2-pentanoyl-[2-(1H-tetrazol-5- yl)—biphenyl-4-yl methyl] amino}- butyr:c
acid benzylester : -
- Meﬁlngrp@mt::;’.'r;?l 55460 s ok ficte et L T e R Ao S et A e oo ot ’“—-"-=
Enantiomeric-excess (by HPLC): ee > 99.8 % "

¢) Preparation of (S)-3-Methyl-2-{pentanovl-[2’-(1 H-tetrazdl-s-,vl)-tji_ghenv!-tl—vl—méthvﬂ-

amino} -butyric acid



mn atC8WCA3RE794 nal |y cooled to RT. Water (30 nl) is added andthe:

resul ting two-phase:. systemis adjusted to pH 2 by addition of -
hydrochloric acid 2.0 M'(approximately 11 m; 22. mmol). The organic phase
is separated, extracted with water (30 m) and concentrated at 50C in
~vacuo to approximately 50 % of the or?@inal volume by destillation (wat er
and nethanol are azeotropically remved). The resulting concentrate.in
toluene (40 mM) is seeded at 40Cin order to start the crystallization and
agi t at £dojgfiort b @Rhmpnqbtﬂe%térw-[gagm f@sﬂamtﬂayb,bh@wm )ﬂiaaethﬁpanmﬁpens ion
I's gradual |y cool ed he solid i's separated

filtrRybyie, a%%miewee' A &BBe2e-8Imyenk i 6@34@??*&%3@?*) @&VF’FPQ?&B%‘ 9&14 t@@c to
- give /50°Cip presence of awet palladlum on charcoa! cata st 5% (1.12 g, conta:nm 50% -
(S)-3-net hyl -{2-pent anoy % tetrazol -5-yl)-bi phenyl - 4-yl - net hyl ] amn
0} - butwale- Ager eprpriptian @fstherea ina fEgeshef hrdr@%b@@sywnﬂmt@ catadysbisgg. 8" % 'c) |
Pr epar -
1 ot 1 eSS ol irete W BRicBatog nfasiClin vaue (nater s azegtiopicalhy
-27- pegovend)i dhestystallization of the prodUGt is initiated at 45°C and - after addition ofcyclo- =~ .. -
(5) 3- p¢ bk a ]-amn
R 102 20 PRERI bl Sonlinblg- 6 7155 s SpIcRIA oot aBFNEL L T ™
| s hydimg@nhﬁ@"@ £8)-2rmedhyl- w{psmanoyl [%r(élsléﬁt!:@mbﬁ va-highenybdiybaiethyl}amiotlar coal
cat aI &rr?%’c{d]vs}e I\%dda%%\r”ﬁﬁ@g a0 % wat er). After conpletion of the.
ns '

reactio cease rogen c unption) the catalyst is renoved by
filtrdbelting poiot: ﬂﬂ&ﬂ@‘i& rate is concentrated at 45C i n vacuo (war“ér s

eot Eﬁﬁhﬁ%b >Ec%§?§;§ﬂ%|pl_c}f%$ggy%$a) li zation of the product is. initi at ed _‘

vera hexan ‘(102 ) conpl et ed by “cool 1 ng
to -5C.. The solid is collected by filtration, and after drying at 50C,

(S :37-{_{;% I32 { pent anoyl - [2' (1

Htet m%‘yl ) - bi phenyl yI met hyI ] ami no} - butyrl C aci d i g rece=| ved
as a Wi ; Bl 74,108-11Q 0 ;
oo o &Y, Ehegi

H- tet raz (alcuﬁeﬂébgmme ny | -

4-y| - 'met.'hyl) am no) butyrlc aC|d tert butyl es‘.,er;-.i._ﬁ'

To a suspension of L-valine tert-butylester hydrochloride (419.4 mg; 2 mmol) in & ml-of iso-
propylacetate is added sodium carbonate (265 mg; _2-.5\‘mm'ol)‘ in 5 ml of water. After
complete dissolution, the two phasés are s'ebarated immediately. The aqueous layer is
washed once with 4ml of isopropylacetate. The combinéd organic layers are washed with 5
mL of water. The colourless organic is drled over sodlum sulfate, filteréd, evaporated in
vacuum and dned in hlgh vacuum to gwe a colouriess oil. The oil is dissolved in 4 ml of 7
L2 nisthanol: Aﬁer addmcn.of ‘the. 2% ZiFHetrazoI-2-yl)-blphenyl-4—carbaldehyde (BI5 Mgyt
2mmol) and tnethylamme (0.278 mi; 2 mmol), the yellow solution is stirred for 5 mlnuteé ‘ 7
before evaporation in vacuum to give a yellow oil. After diss‘ol'utiOn in 4 mi ethanol the
solution is cooled to-0°C. Sodiumborohydride {78 mg; 2 mmol) is added in 4 portions with
stiring until the imine-dissapeared (HPLC). Thé*sl_ightly yellow solution is acidified from pH



H N O+ Cﬁ#34@9ﬂnﬂﬁ To a suspen5|on of L- vallne tert- butylester”}
- hydrochloride (419.4 ny; 2 mol) in 5 m of ‘iso- .propylacetate is added
sodi um carbonate (265 ng; 2.5mol) in 5 mM of water. After conplete
di ssolution, the two phases are separated i medi ately. The aqueous |ayer is
washed once with 4m of isopropyl acet-a#®: The conbi ned organic |ayers are
washed with 5 nL of water. The col ourless organic is dried over sodium .
sulfate, filtered, evaporated in vacuum and. dried in high vacuumto'give a -
col ourl gRg, ;5H b wnt_ﬁh?z R |of b51 @MW'sﬁﬁﬁoh NEGagBratidn. of TRé BRBAL: a?fo?@sra?fﬁﬂhrfe' brrof
the 2°-{ -y iR 4etrazol |')-bi phenyl - 4-car bai dehyde. (515 m l') and
triet hyCPfaﬁrﬁQHQW(Cd i patal Th@ TRiIG I exfracted withisapsvRacetate.s The P‘Pm@tﬂ‘ef’or 5
m nut esy RSk ol rsea.@rb%afobe&ddwea@@ fhred g@‘acpeoiﬁe% tr%c@.gh arfdf drfdd in high-+

dlssolutlon [ hanol t. ution I's

Sodi urrbwcacahmdmgde (B¥8-methyl2-@ H-tetrazakGad)-biphenyhéiyimeshg)-amine)- bs'mrtmamqlg
until t g{a& ared (HPLC). The slightly yellow solution is ..

aci dlfltggﬂfrweénﬁ%%ss se?4 32676A -28- 11 to pH6 with 3.2 mM of a 1.0 MHGQ
solution. Lvaporation: of the ethanol affords a mxture of a yellowoil in

vater . i oL AR of &) SRS Bhadrdbyl SORPRILAGE 4} g.ghggg.z@ g.'ﬁi?étgﬁf

organi c’l ayers are darred-over sod T —ate,
vacuumgMﬂ:_ﬂ_Wumto glve (S)-3- rrethyl 2-((2-(12 .= . =
Htetrazol - 5-yl)-bi phenyl -4-yl met hyl ) -am no)-butyric acid tert- butyI ester

as an oil. b) Preparation of (S)-3-Mthyl-f2-pentanovl-12"-(1

H tetraz6l - 5-vl)-bi phenyl -4-vl-nmethylH am no)-butyric acid tert-butylester- -
(j-C r ~z _ Case 4-32676A 29- .
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o’ O N mew%ﬁ%%ﬁwe nethyl 2-((2" - (1
H-tetrazol - 5-yl) - bi phenyl - 4-yl et hyl ) - anlno) butyrlc acid tert- butylester
(8.5 g; -16.0 mmol ) is dissolved in toluene (63 m) and
N-et hyl -di i sopropylam ne (6:i m; 35.2 mml) and val eroylchloride (4.1 n;
33.6 mmol ) are added at RT. The clear-g8Blution is heated to 50C and
stirred at this tenperature for 60 min. After conpletion of the reaction,
the reaction mxture is quenched.with nmethanol (10 m) at 50C, and finally,:
water is added at RT. The two-phase systemis adjusted to pH 2 by addition
of 220 MHC (- 5 m)"'. The orgam hase is separated and concentrated at
50C in vacuo (remaini ng water re ved azeotropically). On cooling to
RT, the product starts tOxefysng tol uene. (9S).-3-
net hyl - { 2- pent anoyl - [ 2' -
F#tetrazoI-S-yI)-blphenyl 4-yl -
ester is received as a white pomder
Mel ting point: 153.4G Enantioneric S
4. a) Preparation of @
(S):-2-((2'-(2"-tert-Butyl-tetrazol - Byl )4i phenyl - 4-yi net hyl ) - am no) - 3-
met hyl -buric acid acid HN C OOH N QN;,HCase 4-32676A -30- A soda sol ution
(1 nmol/1; 1.0 m, .1.0.mmol) is.added™ o L-valine (117.15 ngy; 1.0 nmol). '
Af ter conplete dlssolutlon the reaction is evaporated. To the white solid
is added 2'-(1 Htert- butyl-tetrazol 2-yi) - bi phenyl - 4- car bal dehyde (306. 4
M&-mathd/l- 24{2 -()fH-rmtalzalm}yl)-b%bﬁyl-tl-ﬂmﬁﬂiyﬁmldm)smrglrriﬂaofmteﬂhmmeﬁet on -

R P R

35.2 mmol) and valeroyichloride (4.1 ml; 33.6 mmol) are added at RT. The clear solution is

am no}-butyric acid tert-butyl -
er filtration and drying in vacuo.
sA£by HPLC): ee > 99.8 % Exanple

heated to 50°C and stirred at this temperature for 60 min. After completion of the reaction,
the reaction mixture is quenched with methanol (10 ml) at 50°C, and finally, water is-added
at RT. The.hNo-phaée system is adjusted to pH 2 by addition of 2.0 M HCI (~-5ml)y The .
orgdhic phase is separated and concehtrated at 50°C in vacuo (remaining water is removed
azeotrdpically). On cooling to RT, the product starts to crystaliize from toluene. (S).—3-

~ methyl-{2-pentanoyl-[2°-(1H-tetrazol-5-yi)-biphenyl-4-yl-methyl}-amino}-butyric acid tert-butyl-. - -+ &

ester is received as a white powder after filtration and drying in vacuo.
Melting. point: 153.4°C
Enantiomeric excess (by HPLC): ee > 99.8 %

Cﬁ Example 4:

a) Preparation of { 'S).'az-((2’-(2”—-tert-Butvl-tetfazol~5"-vl)-biphenvl—4-y|methylg_mino)—3—
methyi-butyric acid ‘ A

i
*
A




- "““”‘“’ ""'dlmethoxyethane C mn At room temperature arid the ‘resultant soluhon addeﬁ fothefree 7

bor ohyd?asdet-83&6fy; 1.0 nmol) is added in 2 portions with stirring until
the imne disappeared. The slightly~“yellow solution is acidified with 1,8
m of a 1 NHC solution to pH 6-7. Evaporation in vacuumaffords a white
solid. 10 m of isopropylacetate and 1:0tL water are added. The white
precipitate is filtered, washed wi th-gat-er and dried to result in 2-((2'- -
(2"-tert-butyl-tetrazol -5"-yl)-bi phenyl -4-yl -net hyl ) -am no) - 3- net hyl - but yri
c acid. Melting point: 189.7C Exanple 5. a) Preparation

S) - 2- I t 1y Q@) pet hvl
f)u% yri ((:A%f:l d&)benzéY m&mr(?%a%?Iﬁn&%!)lqg)adﬁlé%nlﬂ%lln% ‘Yi‘;ﬁéw sq?l osAalT ate Y
(0. 97 mooipletgEBsoiglon, $hesiesphiordie dvaporatedp Toghie abée aolid rszaddec) 2- (1'ﬁatet1h| s _
P i e R R L G T
M nut egomipletan sissoivtiah the reactise frae\apicrajed and e sdughk!thowmﬂsednempetﬂgit ed. The
organlc hase

Tncuo. V80P orhe e af HiedR AR afifBhdealg ot SRR ocent rated I

((j tH blem:b?jdhytiﬁgé @80’39,21- thn')mdﬁ) hfmlﬂydi thg partibas dﬁh;ﬁiﬂng @nBiGheimihe 300 ng) is
n t
e O Sheerharee” Tne SR VRIS A0S abigen VR & FTRF AR NI L iohdS pHe

* sol ven-7. SEvapsteation ih maoamu@ﬁ@:dd atwittersefd.d @ nil obsopropatdiateaindarmhl Mterﬂ ) -

a ??@?ﬁo%%%d histiielbRn s teted MashS M B porsEeA o s R BT 2Here t han

-2 hour gz’at@ﬂ B Retr RS S AI-bish a4y \asti) - & Binopaarehyitangichrn! . Water (.20
) and dichloronethane” (20 m’) Case 4-32676A . -31 are added and t he :
queou;Mqﬁhiasm"]!iHTBQ?é@J usted to 1 by addition of 1 N HCl. The phases. are -

separated and the-aqueous phase extracted again w th dichioronmethane (10

m). The conbined organic phases are vvashed vmth wat er (10 m), dried over

anhydr:@ampieds:um

, a) Preparation (S : la?H—tefrazbl-S— -biphényl-4-

|m9thv!]-amino}f3.¥m'ethvl-_ P
butyric acid benzyl ester : . :

L-Valin-benzyl ester tosylate (0.97 mmol, 368 mg) is suspended in isopropylacetate (4 mi). -
To this suspension was added a solution of sodium .carbonéte (1.21 mmol, 128 mg) in water
(2 ml) at room temperature, The resultant mixture is agitated for 2 minutes, transferred to a
séparating funnel and the phases separated. The organic phase is dried over sodium sul-
,'p'hate, fittered and concentrated in vacuo to afford the free base as a colourless oil. The 2'-
- (1H- benzyl-tetrazol-z—yl) biphenyl-4—carba!dehyde (0 88 mmol, 300 mg) is dissolved in 1 2

T

base residue. After 8 hours the solvent is removed in vacuo and the residue dissolved in
ethanol (imi). Sodium borohydride (1.1 mmol, 41.6 mg) is added to the reaction mixture.
The resultant opaque solution is stirred at room temperature for more thén 2 hours and then
concentrated in vacuo to remove the ethanol. Water (20 mi) and dichleromethane (20 mi)

N e
Jw—nh.u‘

i



'sul phaCaseﬂBEB%fed and concentrat ed i n vacuo to afford the t|tIe corrpound

as a colourless oil. Exanple 6: a) Preparation. of N
(S)-2-{i2"-(2-tert-Butyl-2Htetrazol -5-yl)-bi phenyl -4-yl nethyl | -am no}.-3 -
.., methyl-butyric acid tert-butyl ester HN L-Valin-t-butyl ester

hydrochl oride (1.32 nmol, 278. ny) isgpuspended in isopropylacetate: (5.

m). To this suspensi on was added a sol ution of sodium carbonate (1.65

mol , 175 ng)- i wat er (5 rﬂ) at roomterrperature The resultant m xture

Lﬁaig'stata%ﬁ?é%’é oIS pubi T tcier o Pl SauRDRLER T e e "

filterad s&paka@fmehmeat;edousrphmemtraaeahgmndwmhﬂctﬂcrremeﬁmse (asma) Cmteourl ess,

0|I The .2 | Hitert.-butyl - etr h r bal d de (1.2

| e arpanis Prbpe YA e B0 Rk o BTh RO Ve iR 0 o G-t he
res uI t Auhats Ifm*etedranddﬁﬁdemfatédte; vacee to ieme trteeﬁiiechmpoeﬁti @k a%fdlotiness e sodi um
borohydride (1.5 nmol, 56.7 ng) is added to the = reaction nixture. The
resul tant opaque sol ution is stirred at roomtenperature for ‘2 hours and
t hen ogw_m;%ﬁat ed in vacuo to renove the ethanol. Water (20ml) and . :
di chl oronethane (20 ml) are added and the aqueous phase pll is adjusted to

i. by pddrbberation oﬂﬁ;ﬂ){glf_@ -(Zhen-BuphaBastra1ob 5S/A AN -gbiiNearaRdBgus  phase
extracte [N wt éﬂl chl oronet hane (10 m). The conbi ned organic phases
are msh@ﬁﬁk&pﬂ{@%@&{met ried over anhydrous sodium sul phate,’ |
filtered and concentrated in vacuo to afford the title conpound as a
colourless oil. 'H NWR (CD300, 400MHz): Case 4-32676A -32- 6=7.86 (1H, d,
=8 Hz), 7.41-7.68 (314, m), 7.44 (2H, d, J=8Hz), 7.24 (2H, d, J=BHz), 4.17
1 H d, J=13Hz),. 4.08 (1 H d, =13HZE), 3.56 (11-1, d, "J=2Hz), 2.27 (1 H,

m, 1.12 (3H, d, J=7Hz) and 1. 0 -~ J=7Hz). Exanple 7: a) Preparation
of (S)-3-Methyl-2-(f2'-(1 .
H-tetrazol -5-yi) - bi phenyl - 4- vl - ket Jg¢] ] - ami no) - butyric

L—Vahn—t—butyl ester hydrochloride (1.32 mmol, 278 mg) is suspended in lsopropylacetate (5
mi). To this suspenswn was added a solution ¢f sodium carbonate (1.65 mmol, 175 mg}:i m
water (5 mi).at room temperature. The resultant rixture is agitated for 2 minutes, transfe,r-.: T
red to a separating funnel and the phases separated. The organic phase is dried over-

C\ ~ sodiurn sulphate, filtered and concentrated in vacuo to afford the free base as a colourfessi+ .
oil. _
The 2'-(1 H-tett.fbdty!-tetrazol—2—y[)-bi;:tttehyl-4¥carbaldehyde (1.2 mmol, 367.2 mg)'is
dissolved in ethanol {5 ml) at roomn temperature and. _the_ resultant sdlutioﬁ added to the free -
base restdue After 90 minutes sodium borohydride (1.5 mmol, 56.7 mg) is added-to the -
reaction mtxture The resultant opaque solution i is stirred at room temperature for 2 hours -

~and then concentrated in vacuo to remove the ethanol Water {(20ml} and dtchioromethane
s ,.‘,'_':.-(20 mj) are added and the aqueous phase pH is adjusted to.1 by addmon of INHCI. The:. ...

RPRTEEEE i R g e P RS S

phases are separated and the aqueous phase extracted again with dichioromethane {10 mi).
The combmed organic. phases are washed with water {10 ml); dried over anhydrous sodium
,sulphate flttered and concentrated in vacuo to afford the title compound as a colourless oil. -

TH NMR (cegoo 400MH2)




aci d heawevi-g8670A L- Val i n-benzyl ester tosylate (20.1 g, 53 mol) in toluene
(90 M) is extracted. with. a:solution of sodiuncarbonate (7.3 g, 69 mol)
in water (125 ml). The organi c phase (contains L-valor benzylester free
base) is separated, and 2'-(1 Htetrazol -5-yl)-bi phenyl - 4-car bal dehy. de.
(12.5 g, 50 mol) and N-ethyl-diisaoppapylamne (9.0 m, 52 nmmol) are added
at roomtenperature. The resulting solution is conpletely evaporated at '
50C in vacuo (water is renoved azeotro- pically). The residual oil

(cont h [ 1,S$0] [ nol_:, (1 m 1),
oo B0 bl Bt L7 08 Ga L ) 8 B YR e BH B Bt 4 P 11
mn ayi@; dﬁO_ﬂhE) 4r(m(qu; dng=1$3®lzuta$ﬁl(1i-5ds.ll=ka1-tﬁ@ PD(1HRONM2a8H0dSC. Af ter
conpl et kﬁgf {)Bﬁ/l ra rratlon the reaction mxture is quenched by

addi t ¥ (M 6)r|c aC|d (approximately 42. 1 m, 42. mmol) at
0-5C and, adjusted to pH 6-7. Methanol is distilled off fromthe reaction
m xture at 50C in vacuo and the residual aqueous m xture extracted with

t ol uer?é‘a("l?@o 'm ). The organic phase is concentrated at 50C in vacuo to
approxi mately 50% of the original volume, by distillation (water and

met hanol are azeotrqpicall y rem)ved) The resul ti ng concentrate:

(appr @*| u.- epRar ."‘ll'.‘ 5 .U.:-, Pt~ Yhiy ~ '- b thyi
I—I-tetrangrdfbe\,ﬁk\)mgbphenyl 4-yl - met hyI] ( am no) - butyrl c acid benzylester Eal__;s-
used as I't 1s as starting material for the subsequent acylation step. b)"
Pr epa[ﬁdliﬂ%éﬁ&}lléﬁbr %sﬁﬁieh(ﬂo'ﬁ g-mﬁmﬂoqn holligne igb ml) is extracted with a-solution

H tetrazol - bi }/ butyric acid benzyl ester “The
€9| ut lo{)ﬁoq;npmcarbonate (7 3 g, 69 mmol) in water (125 rnl) T e organic phase (contains L-valin .~ =%

S) - 3bB’ﬁz‘3}ﬂé§téra‘rée[ Base) H"sé;f‘éréi%é%ncﬁﬂ(ﬁ)-l-tEtrQﬂﬁ@Wi)' lﬂpwényﬂglcﬂbﬂa]de?a%é‘ ?ﬁra sbut. yr i

acid benzylester in toluene . gI’OXI mat el omth e
preV| §u80 stegy) ard Hrethsrlﬂlwrwsthrmw( e ?%mmﬁl)are@ﬁiaeq! ahmwuﬁempgrature H

condi tri,g r?ésulth‘fg%&ﬁ)ﬂonqé b&ﬁfoe?é?y le?e[ﬂo‘?fﬁsa& %S@’(ﬂn vacto ﬁ@aetgplg)ren%ﬂﬁ'ed azeotro- -

val eroyl.chl ori'd are slowy ad I-nt er nal

t errpeP'Gﬁ&t)uT'Ee rewwaf @h@pn@mma thedntermediaigimiebis dissolvag i Betheaek{1608d, ni n* '
and: 2 a.uﬁﬁzf?bﬁ;drfae é9f84 d, @ i) 3¢ aaa&t I QortiorBUGMI$6 nfRY aPEFE! PRe: OF -

rrethano clear 'solution.is agitated for 30 mn-at ZOC

t hen V¥RAUBING (SpBItigN)is istrred én,roﬁthmtn ghe-5resiften spinploiinnpidbe tepstosnatigs dhe- .
4- 3267&%0@%’0@% IQ%E%t%@r%adoﬁﬁn%flﬂb ﬁ%Hchﬂf&ne acit (Spp Yoty Bo Kl 42 ac d

(appr oxi mat e
; mmol) at 0- 5°C and adjusted to pH 6-7. Methanol is distilled oft from the reaction mlxture at .. i

50°C in vacuo and the residual agueous mixture ext_racted_wﬂh_ toluene (180 mi). The organic: -
. phase is conceritrated at SO?C in vacuo to ;approximately 50% of the original volume:-by
| disﬁflatibn (water and methanol are- azeotrq_piéaliy removed). The resuiting concentrate -
(approximately 80 g) c_oritéining- (S)-S-methyle2-{[2‘-(1H-;etrazol-s-yl)-biphenyl~4-yl‘imethyi]-
C 'a.mino}?butyric acfd benzylester is used as it is as starting material for the sub'se‘quént-
~ acylation step.

b) Preparation of (S)-3-Methyl-{2-pentanoyi-2"-(1 H-tetrazol-5-yl)-biphenyl-4-yi-methvil-
amiho}-butvric acid benzylester

The . solution. of (S) =3- methyl 2-{[2'-(1H-tetrazol- 5—yl)—b|phenyl 4-yl methyl]-amino}-butyric .
" acid benzylester in toiuene_ (apprommately 80 g, 48—50 mrnol) from the pre\nous step is di-_,; B

TS

luted with- toluene 85 mi). “Under ¢ anhydrous condltlons N- ethy!-dusopropyiamme (24.0" mi;
140 mol) and v_a_ierqylg:hlonde (17.3 ml, 140 mmof} are slowly added at 20°C internal tempe-
rature. The reaction fnikturé is agit'afed for approximately 30 min and — after completion of
‘the transformat;on quenched by addition of methanol (31 rnl) at 20°C. The clear solution is
ag:tated for 30 min at’ 20°C then water (78 ml) is added and the resultmg two-phase system



The or@aaeé %&éé i's separat ed extract ed W|th water (78 m) and.
concentrated at 50C in -vacuo-to approxi mately 50% of .the original volune
by distillation (water and nethanol are azeotropi caIIy renoved). The
resulting concentrate.in toluene (- 94 g) is seeded at 40C in order to
initiate the crystallization and agit3ted at this tenperature for
approximately 1 h. The  suspension is gradually cooled to OC within 6-10 h.
The solid is separated by filtration, wa- shed with cold toluene (60 nf)

o0 o B U 2y S PN oI A (A0 ol o o,

Mel ti n@h@organac ;1115&9- is jseﬁa'ratﬁ;amra@aewtb \mtee(% ihhyandRicBpentesded- a990‘83 b

), o R LSyt S ote RS I Foabl v et

of : ('S) aiolbplbglly fethqved}. afilnsy/ I'espmng (cmncentrate in tofuene (~ 94 g) is seeded at 40°C in- -

o 20, BRi e B RORlaonlsrdEbiRlod ) pg Bkt ior PR RERS FRoBle [

pr esengespefision isngiadpaliyl cadledrio ONC ehithinc®dD he alte galitt iS8eratatéd by fsltcemoh,awm ng 50

consunfteUai v P (8 and ok oGRS PR (e RIEREPoeeo o 1 ¢

concen[l2r-aﬂ—etttlatol@ﬂ)-biphuwl-(m&hﬁ]%mﬂop«ﬁe@ﬁd& agid behhyestegrenoved) . The - .
cryst @zatlog 3{5 1% (E)roduct is initiated at 45C and = after. addition of
cycl o-MRERA ROV FI SN0 Cconpl et ed by cooling to.-5C.. The solid. is
col | ecegghtibyhetit |ekd§ﬁsl(bjﬂHP&(1‘(;l caft 99.8 dr.yi ng at '

C (S)-3-nethyl-2-{pentanoyl-[2'-(1

tetrazoi-5-yl)-bi phenyl 4-yl -met hyl ] ~am no} - butyric acid is recei ved as
a Wnlg t9 @5 \ VBt n&mé@&dﬂ@cﬁH-Bil&ﬁbfkslmﬁ—bipﬁemqeﬁlinétbm- HPLC)
- ee> 99. ) \
- 5-(-2-Chl- c_cl .tetrahydropyran 2-yl)-2Htetrazol e and : Pe T s

o /G B |
Z ggesghlgg Lﬁhefn (%5)3 Methyk EJe?nt%oW[Byﬁ?Pte?ra%l)s-ﬁl) E’_p}\enyl 3—2 ?met )ﬁ}-al\rlnul}lo}gl Case S
‘butyrlc acid benzylester (10.6 g; 20.0 mmol} in ethylacetate (43 ml}.is hydrogenated-at4 bar+. .= =2 .o

- 150°C in presence of a wet palladium onicharcoal catalyst 5% (1.12 g, containing 50 %
- water). . After completion of the reaction (cease of hydrogen-consumption) the catalyst is
: :removed byfiltration anid the filtrate is eonpentrated at:45°C:in vacuo (water is azeet'ropicaliy-.
- removed). The:crystallization of th'e‘p;educt is_initiated at 45°C and - after addition of cyclo- @ .1 .
~hexan (102 ml) = : compléted by coolingto, -5°C -The ‘solid is collected by filtration; and after . .= -

drying at 50°C, {S)-3-methyl-2-{pentanoyl-{2’-(1 H-tetrazol—S-yi) biphenyl-4-yl-methyl}-amino}
- butyric acid is recelved as a white powder. : :
L Melting pomt. 108-110°C. - .
Enantiomeric excess (by HPLC): ee > 99.5 %

Example 8:
5-(2-Chlorophenyl)-2- (tetrahydropyran—2-yl)-2H-tetrazole and 5-(2-Chlorophenyl)-
1-(tetrahydropyran-2-yl}-1H-tetrazole.




Net hane%ﬁ?drﬁzé7%l d (0 141 g; - 1 44, rrrml) is added to .a suspensi on of

5- (2-chl or ophenyl )- .1Htetrazol e (88 46 g .480.0 mmpl) in toluene, (660
rﬂ) The resulting mxture is heated to SOC and a sol ution of

3, 4-di hydro-2H pyran (42.88 m; 494 mml.) in toluene (60 nl) is added over
90 minutes. The mxture is further sti84ed at 50C for 90 minutes. The
resulting .solution is washed tw ce w th 0.5N aqueous sodi um hydr oxi de

sol ution (96 mM each) and twice wth water. (96 n each). The resulting
turbid m@aaﬁé&mheseead mn%arumheq; i BA¥SF 10 sivkpRSioRBY 5J(®ehbafph§h h-rer to

afford amxtureo - | or yl).-2-(tetrahydropyran-2-yl)-
t et razotdg r@gp'es(gﬁéﬁ)g 488-0 mmol) in toluene(660 mlj. The resulting mixture is heated to

5-(2- Ch#@’@&hﬁf‘%l%ﬂ&f6ft§&fdﬁﬁd%tmwn%h 'Sazléb)mflhﬁ ﬁﬁﬂmﬁkauérw(eolnamer) in a

rati o of about 5 (accord x% as yel 't qui d

N2- i songgdedayer Rfin Blye mixiyre i fugibey ﬁﬁrreai #)50°Q fqreﬁoznaUtem TileH)asultmg

2 46. 275%} oﬁ;%w'a r'rédmﬁc ﬁﬁo%ﬁl E(d_;ﬂegds %an]ilur% r%ro%?%sgkgbg égm %I‘ﬁ_b%nﬁ ifN N(R m
of Nl i dgepwith watar mmi anb) 3The Fsyiting turbld(wgamc ph3se iscoagentatad istaeusi gnal

whi ch. usmdfj%‘? ﬁnﬁ%ﬂ[er Q}(H?err lt@Bﬁd\‘gtzﬂnmﬁe %E9-3?-)0131Ié)ﬁéphﬁapﬁgyﬁe'téﬂﬁhpyrgﬁ 3084, 9

5-(2-Br tetra ropyran-
5-(2- Brtetmmie(m }somler)(arei5-&19ldomphewlﬂ*‘E{t?tralhwrWWM-Eﬂk)dll-étetraw (NF-Q Br A

fgfltoelr)]%&ﬂeﬁqu 4& %gpp%}geg)@rﬁ) d' {Oewﬁ@%(as&é’@ﬁ%ﬁgqné?hgn?gﬁ:120|n|nc acid |

(0. 058. @ﬂ -NBIF60f Nﬁmbyner $4000vidd, CDCbe) gmaﬂ B&/imoB H3, 211 8H2IR5d My -2, ByA6e5% 1. 90

oo EEBb 1 K. TR %0, 3% B b Lo HHER 4G B0 L

45C. Thab2-@<Ml (m,ndH)s @196:7.88 (Mgt l:laxol ed to about- 0C:and a sol ution of. $aodi um

e SRR EibRe? (b ey Co8h: SHR M (b SO GlradDRuB YR RS 1o

~ c6nbi. nedbesmphovgriappiitstbe signalswd gieeli2-igomare Wi t h a 1l NKOH solution (10 m

each) and once with a sol utionof 10 wei ght % of  “sodi um chl oride in water
(10 m.).: The.resul ti-ng organic. ‘phase is dried wover:anhydrous vsodl um -
sul fat eExampfeered and evaporat ed in vacuo to afford a mxture of -

5 ( 2 brg n?gr end’ph}en)%) 2- (tetrahydropyran 2—yl)—2H-tetrazoie and 5~(2 Bromophenyl)
; 1 (tetrahydropyran-z vi)- 1H-tetrazole

Br

A -sdspension of 5-(2-bromophenyl)-'1 H-tetrazole (4.50 g; 20.0 mmoly in tert-butyl methyl -
ether (40 mi) is warmed to 45°C and methanesuifome acid (0.058 g; 0.60 mmol) is added.’
A solution of 3,4-dihydro-2H-pyran (1‘.90. h\l; 21 'mmol) in tert-butyl methyl ether (21 mi) is ~
added to the resulting mixture over { hour at 45°C. The mixture is further stirred for 6 hours
at 45°C The resulting solution is cooled to abeut 0°C and a solutlon of sod|um

- hydrogencarbonate (2 4 g) in water (30 ml) is added The aqueous phase is separated and

ConmaR estracted with tert—butytmethyi ether(1 0 mf): *The combmedergamc phases are Washed R

twice with a 1N KOH solution (10 mI each) and once with a soiutlon of 10. weaght-% of

sodium chioride in water {10 mi). The resul’nng orgamc phase is dned over anhydrous |
sodiurn sulfate, filtered and evaporated in vacuo to afford a m:xture of 5-(2-bromophenyl)-2-
(tetrahydropyran-2-yl)-2H-tetrazole (Nzelsomer) and 5-(2- bromophenyl). -1-{tetrahydropyran-



(tetra%?ép’%ﬁﬁgﬁAz yI) 2H—tetrazo|e (N2 |sorrer) ‘and 5- (2- brormphenyl)-l
=(tetrahydropyran Case 4-32676A - 35 2-yl)-1 Htetrazole (Nl-isomer) in a
rati o of about 93:7 (according to 'H NVR) as an orange oil. '"H NWR of
N2-isonmer (400 MHz, CDCI3): 1.72-1.85 (m 3 H);.2.18-2.26 (in; 2 H, :
2.45-2.54 (m 1 H), 3.80-3.86 (m 1-Bf; 4.01-4.07 (m.1 .H), 6.12-6.15 (m
1H, 7.31-7.35 (m 1 H), 741745(m1H) 773775(m1
H,.7.87-7.90 (m 1 H). Exanple 10: .

5-(4'- @lyghmmerraeé:bxm icphani a Autiviok aBoitiost7 gb&dﬂm@wsaﬂ N’Mm as ifolafige azol e.

0 ~ To a suspension of magnesiumturnings (5.11 g) in anhydrous
tetrah%rofuran (40 M) is added 1, 2-dibronoethane (0.106 nm; 1.2 mmol).

- The suSpRm eﬂwzsso%?lmb Mezleeovarrdr ﬁzrdss (R, 3@4)89'1912 %‘(rﬁfZH 2/45-2.54
1- br ono- 4- ( di ethoi%d net hyl ) in anh drous

ol
-t et r ah{ar bFilS80-g rﬁﬂ)H)r%Oad’a@d A‘ 't"br6 f%‘é—ﬁé@eﬂ l'l)n7ﬁaé7 @tk t he
remai ndag 7045 fHe; Hﬁ‘?‘ -;g.?eg (& 1 Inbyermr-db (dligroxymet hyl ) benzene i s added
over 90 mnutes e resulting ‘mxture is further stirred at 20 to 25C for
2.5 hours. The mixture is diluted with anhydrous tetrahydrofuran to a
total ol 1of 250 m affording a solution of the correspondi ng'

aryl magnesi um br omi de of about 0.78 M concentration. .Under anhydr ous
condi t5-4)4159!e’th%yfmeth)'f‘rblRifewlr%yfaﬁd%fwywpmar%[hﬂdﬁ@@a@h broni de' solution

(11.7mmmol) is cooled to about OC and a 0.5 Mzinc chloride solution in :
~tetrahydrofuran (23.4 m; 11.7 nmmol) is added over 15 mnutes. The !
resul ti spensi on |s»\e\ti rred at roomtenperature for -30 m nutes=-in order

gt i on .of -t he-correspondi ng aryI zinc reagent. In-
hga™~of = a m xture of B
(tetrahydropyran 2-yl)- 2Htetrazol e and 5- (2-
ahydropyran-2-yl ) -i H-tetrazol e (2 78 g; 9.0 mmolk) in

t et rahydr of i (9 nl) is added to: .

~.di chl orobi s(Tfi phenyl phosphi ne) pald-adi um(11) (0. 253 g, 0.36 mmol) under
anhydrpyig SGARHloCA Snakfhebilm s S1Yg) 4 hﬁr;e%as%ubﬁyd?euw (h@%rpean ge.:

) suspenS| oni1s ad . room.dtenperature he. above suspensi on of

aryl zi @ﬂﬂeﬂéaéﬂfworﬁ‘?@haﬂﬁ)(orﬂqmbé 2 mmel). rﬁhﬁtﬁ%l@eﬂ@f\"ﬁ codled t%ﬂc'rcr%‘%ﬁ @f"lr oom
| t e”peré\‘te%cﬁ’utfdﬁrof]17br9%[é§(dle‘}ht§®rﬂéttﬁﬂ'ﬁeﬁfen§qg3 B'B 200 mmol) in anhydrous. L

‘tetrahydrofuran (120 ml) is added. -After the reactlon has started the remamder ofthe:

go conp et g t'ﬂne for
“anot her f1l ask s
.. 5-(2-bronoph
- bronophenyl

solutton of 1-bromo-4- (dlethoxymethyl)benzene is added over 90 minutes. The resuitlng

‘mixture is further stirred at 20 to 25°C for 2 5 hours. The mixture is dituted with anhydrous
tetrahydrofuran to a total vo!ume of 250 ml affordlng a sotutlon of the correspondmg
aryimagnesrum bromide of about 0.78 M concentration. Under anhydrous. condutiens '15:0
C ) ‘ml of the above 0.78 M arylmagnesium bromide solution (11 Tmmol) is cooled to about 6°C
and a 0.5 M zinc chioride solution in tetrahydrofuran (23.4 mi; 1.7 mmol) is added over 15
minutes. The resulting suspension is strrred at room temperature for 30 minutee in. order to
complete the formation of the correspondlng arylzmc reagent. In another_ flask, a solutior of
a mixture of 5-(2-bromophenyl)-2- (tetrahydropyran-2-yl)—2H-tetrazole and 5-(2-
bromophenyl)-1-(tetrahydropyran-2-yl)- 1H-tetrazole (2.78 g; 9.0 mrnol) in tetrahydrofuran ©
ml) is added to drchlorobrs(tnphenylphosphtne)pa"adrum(ll) 0253 g, 0. 36 mmol). under
. anhydrous -conditions m]'ﬁo the 3!907993'3’ f,trrred resultlng yellow orange suepenslon is added

—_ - ST L T T T e e nan._p,ﬂ._«nn it S e C e e S
-

at room temperathre the above ‘suspension of the. arylzmc reagent over 40 minutes. ‘The
-r_nixture is further stirred at room te_mperatur_e for17 hours. A selu‘aon of sodium - - . |
hydrogencarbonate (1.2 g) in water (15 mi) and ethyi acetate_ (20 mi) are then added. The

aqueous phase is separate'd and extracted wirh ethyl acetate (60 mil). The combined organic



hydr ogeAeaftsRd®R® (1.2 g) in water (15 m) and ethyl acetate (20 m) are
t hen added. The aqueous phasé.is separated and extracted wi.th ethyl
acetate (60 m). The conbi ned organi c Case 4-32676A -36=_ phases are
washed twice with a solution of sodi um hydrogencar bonate (1.2 g) in water
(15 m each) and twice with water (1%111 each) and are evaporated in
vacuo. The resulting yelloworange oil is dissolved in a snmall volune of
tert-butyl methyl ether, filtered over a filter aid, evaporated in vacuo

and pugshaéegtaréwamdm‘bmfmmw%mdm ﬁydr dg@nca&lonsiel{hlm iMwalergis1: 4

m xture of ethyl acetate and_hexane to affor he mai.n. i sonmer IéNZ |sorrer)
5- (4" "‘HP@M@Wﬁ%‘?ﬂwthm%wé%lm'?aﬂl))ﬂ@ Qe EVARARgiaH dpyacaR. TheTesuiing et r azol e

?5 2a Cféll%ﬁvll-j?%glé)bil is- dvssoﬁeadl}\ﬁa @,fnal}'%lhﬁ{ér@ rtarf 6\9(?! rWEiFnyl M ﬁl}ere& o@ér a?ﬁlterJ ;)

3. 50- 3a|¢,19\(aﬁpra@eq.;)'1 vagqunq gunf;e |.t|;y cogjrg?cfgog@tc(g,ﬁ@phy qJ:DSIIICp gggelulmggwltb B 2 H,

(7E?S,8) 7 rﬂﬂ(}%&@e & é_l?“f\/lfg Gty %;(cﬁﬁeﬁ%ﬁb 13 afdrd te i’ lsgr%el( Na2- éorlﬁ)ar) sMass spectrum

-( 2|—dte‘d§lpxm@hylgnghe)nm @m@-ﬂyﬂtatzalwdnopmaaéﬂay}jZH-temazole as a colorless oil.

5 (4 t et I t ézol e

(0. 405 5 MISIEEICONIs RIARY oRCK) iz 1L TR S EaR A - Ra b 2 F) ol e

sol ut |21&3(m ihw,r%(thﬁdrﬁi (o, ddﬂ)d3506351 (m,,s 1), 4fh(s, H)T&@ﬂﬁe&&udm |1nlg) Fol8it'i on

is he o, [ $.4 m! wat er (about. 2 m)

t he mai;( []h gﬁal%:) (fndléqg)o vvn (o} ?@brﬁ?tg?rptggg ur “and then stirred

at 0 tMa%ﬂe@trusﬂE&hun/e$4ﬂﬁ1[M+ﬁlsul ting suspension is filtered .and:the : -
lids are washed, .%'with a snal'l amount of water, dried in vacuo at 40C

afford 2'-(1 H-tet razol - 5-yl ) - bi phenyl  4-car bal dehyde as white,
cryst akxdrmpde powder . Mel ti ng poi nt: 187. 5- 190 0C. High resolutidn: imass:::

égggt ?%%&)@5&%% I_WI 45 ﬁa ‘%& [ M4H] cal cul ated- m z C 251 0927 S
To 5-(4- Diethoxymethyl- biphenyl-z-yi)-Z (tetrahydropyran-Z—yl)-zH-tetrazoie (0. 408 g iwSoo
* 1.00 mimiol}-are added 94 % ethanol (2.5 ml) and aoN aqueous solution of hydrechloric acid-: -
" (0.5'mi; .0 mmel). The resulting solution is heated to 45°C for 3 hours. After tha:additioniof - -
~ “water (about 2 ml) the mixture is allowed to-cool:down to room temperaturé’and then stirred. -
- ‘at®to 5°C for 30 minutes. The resulting’ suspension is filtered and the solids are ‘washed ™
--'?"iwnh a small amount of water, dried in vacuo at 40°C to afford 2'- (1 H-tetrazol- 5-yi)-b|phenyl- SR
‘4 -carbaldshyde as white, crystalline powder
* "Melting point: 187.5-190.0°C. - e
 High resolution mass spectrum (ES+): found: m/z %:251.0928 [M+H]*; caleulated: m/z= * < °~
(. estoeer. |



1 A @@@e@éﬂﬁcﬁﬁ«the manufacture of the corrpound of forrrula (I) 0 VV\
OH O pj chiral NAN H or.a salt thereof, conprising (a) reacting a '
conpound of .formula (IVa) O H (I [a) N NN NRL or a salt t her eof ,
wherein R, is hydrogen or a tetrazole protecting group, with a conmpound of
formula ON (lib) H2N chiral 0 Case 3%--32676A -38- or a salt thereof,
wherein R2 represents hydrogen or a carboxy protecting group, under the
conditions of a reductive amnation; ‘and (b) acylating a resulting corrpound

of formula (Il ¢c). HN OR2 0 (1llc)

What is claimed is:

1. A process for the manufacture of the compound of formula (1)

w@r

1y

C B | : chtral

or'a salt theteof, cothprising |
(a) reacting a compound of formula (!} .a)

A\
NN
R1
or a salt thereof, wherein R; is hydrogen or a tetrazole protecting group, with a compound of

formula

(ib)
chiral




chiral©a5¢ RE266A a salt thereof with .a conpound of formula (Il d} O (lid) .
R3 wherein R3 i's an activating group; and, (c) if R and/or R2-are
di fferent form hydrogen, renoving the protecting, .group(s): in a resulting
conpound of forrmula (Il e€) NOFz o (Ile) chiral Nor a salt thereof; and
(d) isolating a resulting conpound of3&ornula (1) or a salt thereof; and,
if desired, converting a resulting free acid of formula (I) into a salt
thereof or converting a resulting salt -Case 4 32676A -39- of a conpound of

f or muleg a(dalt thaveof, Wherdin Be rexeésbnes hdpogen @ o darbéxy pretewid 4rodp Auridesttet i ng

salt of & Conipoueﬁ:a of formula ﬁl). into a different salt. 2. The process
accor dPRYIPRS 21 &feFeIVERIPAYIN: BRA conpounds of formulae (11 a), (11 6), (11
c), apd (dlladng Rreditgesaitosntiviiiopaem (Aky R2 represents hydrogen and
wherein in conpounds of formula (11 d) represents hal ogen. 3. The
process according to claiwl _or 2, wherein the reductive amnation is

carried out in the presencg of a reducing agent such as a borohydride,
which may al so be in conpl eked okprm or hydrogen or a hydrogen donor both’
in the presence of a hydfbgenftion catalyst. C 4. The process according to
claiml or 2, wherein step (ag is carriedqigut by first formng

chiral

\Q(N

or a salit thereof with a compound of formula (Il d}

o

wherein Rs is an activating group; and,
{c) #f Ry.and/or R, are different form hydrogén, temoving the protecting group(s}ina -
resulting compound of formula (il e) '

(Ife)
chiral

.or a salt thereof; and
(d) isolating a resulting compound of forrhuia (1} or a salt thereof; and, if desired, .

converting a resulting free acid of formula (1) into & salt thereof or converting a resulting salt




an im @583 Bt a RRON (11¢c') chiral- ON NNN RL by condensing
conmpounds of formulae (11 a). and (Il b) and by renoving water and then
foll owed by reducing a conmpound of formula (lIlc') in the presence of a
reduci ng agent. 5. The process according to claim1 or 2, wherein step (b)
is carried out by first adding a cong8and of formul a (II d) to a conpound
of formula (Il c¢) and then slowy adding a sub- stoichionetric anmount of a
base in relation to the corn d of forrmula (Il d). Case 4-32676A -40- 6. A

pL oc eis 6f & eémbbmdmumeé y Bit®thedfrax0adm® onidriaiila (g orbbrivertihgeRBstiing s&it be)
cnira

\ resent
gr oup ﬁﬁﬂnﬁ?{’?q&ﬁfr@gﬂwzb 'W&r‘%@%ﬁ“ 563? a carboxy protecting group,
conprising. reacting a conpound of formula.(11 a) 0 H/ .~ (lla) N N

2. The process according to claim 1, wherein in compounds of formulae {il-a), (i b), (Il ¢),
and (Il e) R, represents hydrogen and R, represents hydrogen and wherein in compounds of

formula (Il d) Rs represents halogen.

3. The procesé according to claim 1 or 2, wherein the reductive amination is carried out in-
the presence of a reducing agent such as a borohydride, which may also be in complexed

form, or hy‘drogen of a hydrogen donor both in the presence of a hydrogenatior catalyst.

4.  The process acc_ording to claim 1 or 2, wherein step (a) is carried out by first forming-: -

an imine of formula

ROL A
TN Qe
\l;/\jN : éhirazi

by condensing compounds of formulae (1l a) and (Il b) and by removing water aiid then
followed by reducing a compound of formula (lIc') in the presence of a reducing agent.

5. - The process according to claim 1 or 2, wherein step (b) is carried out by first adding a

compound of formula (Il d) to a compound of formula (Il ¢j and then slowly adding a sub-

fstorchlometnc amount, of a base in :eiatlon to the > compound of. formula (ll d)

L ST R I T e

s hydrogen or a tetrazole protecting -



RL or £383rt33%{8feaf, wherein R is hydrogen or a tetrazole protecting

» group, with a conpound of “formula o-(lltj:_. - HZN chiral 0 or a salt
‘thereof, wherein R2 represents hydrogen or a carboxy protecting group,

under the conditions of a reductive am nation.. Case 4-32676A -41- 7. A
process according to claim®6, conprisirA§-reacting a conpound of forrmula (Il
a) O(lla)' INN R. or asalt thereof, wherein R is hydrogen or a
‘tetrazole protecting group; with a conmpound of formula j :)R2 HZN chiral O
or a salt thereof, wherein R2 represents hydrogen or a. carboxy protecting

group, while - elim:nating water, and.reducing a resulting conpound of
for mul a®q(| Iﬁ(Pr‘?ce@@f‘Prl\ﬁh?P%@)v‘\‘%cﬁﬁ?Pgﬁ COWPOP{“#\P'%?W‘F’% the presence of a
reduci ng agent. Case 4-32678A 42-

(e}

chiral

_\IQN
R1
wherein Ry represents hydrogen. or a tetrazole protecting group and R, represents. hydregen
* or a carboxy protecting group,
comprising. reaéﬁng' a compound of formula (! a)

N
-

NN
R

or a salt thereof, wherein R, is hydrogen or a tetrazole protecting group, with a compound of

formula

~(Ilby=

chiral

“or a salt thereof, wherein R, represents hydrogen or a carboxy protecting group, under the

conditions of a reductive amination.



8. Acofp8RiABaEFOformula OR2° HN Y (Ilc) chiral. 'NN R7 wherein R is

hydrogen or a tetrazole protecting .group and R2 i's hydrogen or a carboxy.

protecting group, excluding a conpound of fornmula (11 c) wherein R, is

-~ ethyl and R2 is trityl.. 9. A conpound of formula a O IN (pc') <chiral o
7 . (V1 /7 N Ni \'N NR weret#atR is hydrogen or a tetrazole

- protecting group and- R2 is hydrogen or a carboxy protecting group. Case
4-32676A 43 10. A process for the manufacture of a conpound of fornmula O

oR N (lle) :

7. A process according to clairn 6, comprising reacting a compound of formula (1l a)

(llay -

\(_%N

( h R 1|
or a salt thereof, wherein Ry is Hydr‘ogé‘n ora tetrémle protecting group, with a compound of- -

formula

' (iib)..
chiral

or a salt thereof, wherein R, represents hydrogen or a carboxy protecting group, while
eliminating water, and reducing a resulting-compound of formula (il ¢’)

C R;0 (")

chiral

\ N

R1

'in the presence of a redubing; ageht.



0 chir&leseR-32676dherein Rl represents hydrogen or a tetrazole protecting

»+ group and R2 represents hydrogen  or-.a carboxy protecting group, conprising
acylating a resulting conpound of formula (11 ¢) HNOR2 (llc) chiral NO
N~N Rl or a salt thereof with a conpound of formula (Il d) 0 \ "xI (l1d)
v v _R3 wherein R3 is an activating-g2oeup.

8. Acompound of formula

HN
(llc)

chiral

C | '\,Q(N

' | ' Rt _
wherein R, is hydrogen or a tetrazole protecting group and R, is hydrogen or a carboxy .
protecting group, excluding a compound of formula ()l ¢) wherein R, is ethyl and Rzis trityl: . =

9. A compound of formuia

nzp o T (3]

| chiral

wherein R, is hydrogen or a tetrazole protecting group and R, is hydrogen or a carboxy

protecting group.



[

Case 432676A

L 43-

10. A process for the manufacture of a compouind of formula

(le)

chiral

wherein R; represents hydrogen or a tetrazole protecting group and R; represents hydr'o'g‘é'n'_
or a carboxy protecting group,

comprising acylating a resulting compound of formuia (1l ¢}

(lic)
chiral

wherein Rj is an activating group.



